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PREFACE

The work described in this report was performed by the Parts Evaluation

Laboratory section of the McDonnell Douglas Astronautics Company-St. Louis

Engineering Reliability department during the period between.July 1976 and

November 1978. The work was performed for the USAF Rome Air Development

Center under Contract Number F30602-76-C-0371. The RADC project engineer wa's

W. Keith Conroy. Significant technical contributions were made by Messrs.

Gordon Johnson, Gary Keller, Ron Mackin, Michael Roberts and Edward Sisul.
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2 VALUATION

It is uscally desirable, but not alway.; possible, to fully characLer-

ize and evaluate the reliability of linear mic"ocircuits before a MIL-M-

385"C detail specification -s generated. The specification must be

verified i.) preve;,,t' manufacturers from qualifying inferior products either

because 1-he specification'doesn't accuretdly reflect the screening condi-

tions that t,ere i•tended, or these condit 4 ons, however accurate, are

insufficient. In this effort, both the selected iinear devices and their

respective detail slash shee,.s wewc evaluated. After tLe specifications

were verifved, sample parts were screened to the verified specification, V

stresssd, and tested in order to measure their Fitness for military applica-

tions. The result of this screening and testing is a reliability determina-

tVon bast.d on a failure rat: extrapcacion. The reliability data generated

in this c..ntracý-ual effort will be used to determine which vendors of the

[roducts tested have potential for supplying reliable, military grade

linear microcircuits, and also to provide some insight into the Itdte

of the art in linear microcircuit production. In addition, the vendors

parL`ifipatirg in this study can use the failure analysis data provided to

impr3ve their product which will result in incroased yield, higher

reliability, and lower cost. Recommendations for imrrovement cf the

prcr.urement specification will be.implemented in both MIL-STD-883, "Test

Methods and Procedures for Microelectronics," and MIL-M-38510, "General

Specification for Microcircuits," resulting in an improved stanni.rd for

procuring reliabile linear microcircuits as part of the R5R TPO thrust in

Solid State Device Reliability.

W. KEITH CONROY, JR.
Project Er.gineer



1.0 1 NTROUUC 1- I ON.I:-

Phe objective of this program was to evaluite thc: reliahil ity ol selrt.ed

MIL-4-.3851() 1 i near rficroci rcu is. Included in the eviludtiocr were a) j2vi,.( ,

electrical characteriZdti,'ns, b) analyses of device physical chor,,cteri stics,

c) deteri:iirnat ions of device thennal characteristics, and d) Ihitih 'W;Ij"2rdture

accelerated test studies of device aging characteristics. ki-sults uf the

evaluation were intended to provide infonn,-tion related to the following:

a) Adequacy of r1IL-M-38510 specifications and test methods of the selec-

ted linear devices,

b) Relationship of device physical characteristics and processing Lech-

niques to device reliability,

c) Failure inechanisms,

d) Failure distributions at accelerated test conditions, and

e) Arrhenius model parameters and failure rates.

This report provides a jenera- description of the overall program doId

presents the results of tests and evaluations perfonied prior to, during, and

subsequent to long-tenn high temperature accelerated life tests. Included if)

these tests are all tests and evaluations required -as a prerequisite to

initiating long-tenr high temperature life testing, as well as the ivlLeriml and

final electrical measurements, results of characterization testing, analysis

of failed devices, and analysis of failure data to determine device aging

cheracteri stics.



2.0 PROGRAM DESCRIPTION?

The overall reliability test and evaluation of the MIL-M-38510 linear

microcircuits program is depicted in Figure 1. A total of five device types

from two manufacturers each were included in the program. The specific device

types and manufacturers are shown in Table 1. At the time of procurement both

the LI109 and the 78M05 devices were specified in MIL-M-38510/10701 as elec-

trically equivalent 5 volt regulators, and the LM109 was only available from

clanufacturer B. Therefore, the Manufacturer D 73MO5 was used as the second

source for the LM109 regulator. However, for clarity, the Manufacturer D

device is referenced as a LM109 throughout this report. A total of 150 of

each manufacturer's device type were procured to MIL-M-38510 Class B, or

equivalent processing requirements. Upon receipt at MDAC-St. Louis, all

devices were subjected to external visual examination, henleticity tests and

electrical tests. The electrical testing consisted of MIL-M-38510 Group A, dc

tests at 25°C, -55*C and 125'C. However, when a high percentage of devices

failed to ,neet the MIL-M-38510 parameter limits, the end-point limits were

adjusted as required, to obtain an adequate number of devices for accelerated

life testing.

Subsequent to perfornifng the initial exami-ations and tests, acceptable

devices were assigned by serial number to test grcups. Device allocation for

each manufacturer's device type is shown in Figure 1.

Electrical characterization testing was performed to provide a complete

description of the electrical characteristics of each manufacturer's device

type. The testing included, in addition to the initial dc electrical tests

perforried with all devices, sample tests of ac parameters and transfer charac-

teristics.

Construction analyses require destructive physical analyses to determine

construction methods, manufacturing process techniques and workmanship used in

the fabrication of devices. Results were used to predict potential reliability

problems, determine possible accelerated life test limitations (due to mater-

ials used in device fabrication), and to facilitate subsequent failure analyses.

2
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TABLE 1. LINEAR MICROCIRCUIT TYPES

M38510 fART NO. COMMERCIAL PART TYPE MFR PROCUREMENT SPEC
REFERENCE PART NO.

M38510/10104 BGC .MIO8A OPERATIONAL AMPLIFIER A MFR'S ELECTRICAL*
B MFR'S ELECTRICAL*

M38510/10107 BGC LM118 OPERATIONAL AMPLIFIER, C MFR'S ELECTRICAL*
HIGH SPEED B MRF'S ELECTRICAL*

M38510/10201 BIC 723 PRECISION VOLTAGE D JM38510
REGULATOR C MFR'S ELECTRICAL*

M38510/10304 BGC LM111 PRECISION VOLTAGE D MFR'S ELECTRICAL*
COMPARATOR/BUFFER B MFR'S ELECTRICAL*

M38510/10701 BXC 78M05 VOLTAGE REGULATOR, D MFR'S ELECTRICAL*
LM1O9 5 VOLT B MFR'S ELECTRICAL*

* DEVICES WERE TO MEET THE MIL-M-38510 ELECTRICAL CHARACTERISTICS, BUT DID NOT NEED
TO BE TESTED TO THESE REQUIREMENTS IF JAN TEST TAPES WERE NOT AVAILABLE.

4



The initial device studies were prerequisite to perfornting the acoýeler-

ated life tests 1.nd included an evaluation of the HItL-M-1-38510 bias circuits for

accelerated t2sting, development of rne bias circuits as required, and the-.ial

resistance measure:.'ents for comiputing device junction temperatures at r*ntici-

pated test temperatures.

Three accelerated life tests were performed to provide information

about device failure mechanisms, failure distributions and life acceleration

factors. Actual life test teroperatures were detennined fr(m results obtained

in bias circuit evaluations and step-stress tests. Each life test was conduc--

ted for 4,000 hours or a minimum of 50% failure, whichever occurred first.

interim electrical tests were perfomed on life test devices after cool-down

to room temperature with bias applied. These measurements consisted of

MIL-M-38510 dc tests at 250C and were performed at 4, 8, 16, 32, 64, 128, 256,

500, 1,000 and 2,000 hours of life testing. Unless otherwise directed by the

Project Test Engineer, all parts that failed an interim test were removed fran

The life test ano subjected to failure analysis. At the conclusion of .each

life test, surviving devices were subjected to the same set of MIL-M-38510

electrical tests performed prior to life testing.

A control sampleý of each manufacturer's devices was subjected to electri-

cal testing each time the test devices were subjected to interim or final

electrical tests, fhe purpose of the control sample was to provide a check on

the long term stability of the automated test equipment.

Application and test related studies were perfomed to deterTline applica-

tior,-related reliability problems associated with systen use of the linear

devices included in this program. Application and test related experience

derived throughout the program was used to develop design guides for items

such as board layout, compensation, bypassing, and interfacing.



3.0 RESULTS OF PRE-LIFE TESTS AND EVALUATIONS

3.1 EXTERNAL VISUAL EXAMINATIONS AND HERMETICITY TESTS

Upon receipt at MDAC-St. Louis, all devices were exaimined for conformance

to purchase order requirements for device type, package style, lead finish,

and marking. Each device was examined at 3X magnification for evidences of

gross damage to package, package seals, and leads. Fine and gross leak tests

were then performned per MIL-STD-883, Method 1014.1, Conditions Al and C2.

With one exception, no major visual or hermetic defects were found in the

delivered devices. One manufacturer's devices were rejected for incorrect

lead finish and were subsequently replaced. Results of exaninations and tests

performed with this manufacturer's replacement devices and all other rlanufac-

turers' devices are shown in Tablo 2.

Replacements for electrical test rejects were also subjected to visual

examinations and hermeticity tests. Thus, the total quantity of devices shown

in Table 2 exceeds, in some cases, the procurement quantity of 150 devices.

3.2 BASELINE ELECTRICAL PERFORMANCE TESTS

With the exception of the devices noted in Table 2, all devices surviving

the initial visual inspections and hermeticity tests were subjected to elec-

trical performance tests at 25°C, -55°C, and 125°C. These tests consisted of

selected subgroups of the MIL-M-38510 Group A tests. Specific subgroups for

the MIL-M-38510/10104 (LM1O8A), /10107 (LMI18) devices were Al through A6.

Specific subgroups for the MIL-M-38510/10201 (723) and /10701 (LM109) devices

were Al, A2, and A3. The specific subgroups for the /10304 (LM111) device

were Al, A2, A4, and A5. LM1I1 testing at -55'C (Subgroups A3 and A6) was not

performed due to device/test fixture oscillation at -55°C. Details of the

electrical test conditions and end-point limits used for testing each device

type are contained in Appendix B. In tiost cases the end-point limits are

those contained in the current MIL-M-38510 slash sheet. However, in several

instances the end-point limits were relaxed to obtain a sufficient number of
"good" devices for subsequent testing. A surarlary of the MIL-M-38510 parameter

6



TABI.E I iNI',"A: INSPECTON AND HLRMETICITY TEST RESLTS

"" VISuAL InSPECTION HERMETICITY TESIS TOTAL SUP-[TTED

FINE LLV. GROSS LEAK (;So. - 0,o. ', . 1 NO ,- -- O.- - NO.•° • • '
COM'XRC;AL NO. ID. FAIIED EjIlCAL

PART ,;0. MANUFACTURER TESTED FAILET TESTED FAILEV TESTED FAILED DEVICES TEST

LPIOZA A 198 0 198 1 197 3 4 194

150 2 148 1 147 3 6 144

LM1I8 C 150 0 150 0 15C 3 1 3 147

8 150 0 150 . 14* 0 3 141

723 0 150 2 148 1 147 0 3 14?

C 1R8 3 185 0 185 0 3 185

LM111 0 150 0 150 2 148 0 2 129 A\

B 150 O 150 0 150 0 0 133

7805 0 150 7 149 1 1148 U lb

LM109 0 150 0 150 0 ISO 1 1 149

A 3 Devices used for construction analysis and 3 devices were subjected to Gas Mass Spectrcnete' AnalySil.

Z!2 13 Oevices ut-ed for test fixture develiprment.

11 Devices used for test fixture developrient.

7



limits that. were revised is shown in Taole 3. Results of the initial elec- I
trical testing using the revised end-point limits are summarized in Table 4.

Parametric data taken at 25°% is shown for each device type in Tables 5

thorugh 9. The tables providing parametric data contain the parameter limits,

a computed mean v3lue of the paramoter for all devices meeting the revised

specification limits, and a computed standard deviation of the measured

parameter values. Examination of the test data revealed no marked differences

between manufacturers for the laJority of parameters. However, the gain tests

on both the LMIO3A and LM118 devi(es do show a difference of approximately one

order of magnitude. This is caused by nonlinearities in the dc transfer

responses and is discussed in more detail in Appendix E. Also the I

values for the L[II8 devices differ by an order Qf magnitude. The LM109 also

exhibited an appreciable difference in line regulation (VRLN) and load
regulation (VRLD) parameters. Manufacturer D's devices exhibited better

line regulation while Manufacturer B's devices exhibited better load regulation.

The Manufactorer D device was actually a 78M05 device, and has different

circuit design which accounts for the differences in these characteristics.

The only JAN qualified device was Manufacturer U's MIL-M-38510/10201 of

which five devices were rejected. There were two visual, one hernetic, and

two electrical failures noted in the initial examination of the JAN devices.

All data on the failed devices can be found in Appendix G.

3.3 MICROCIRCUIT CONSTRUCTION DETAILS

A destructive physical analysis of at least two of each manufacturer's

device type was perfonned to determine the materials, construction methods,

process techniques and quality of workmanship used in the device fabrication.

Coiplete results of these analyses including schematics and chip topography

are contained in Appendix A. With the exception of the basic package type and

material, re, major construction differences were noted between manufacturers'

device types. All devices had the followirt construction characteristics in

coinmon, a) aluminum internal wire and chip ietalization, b) gold plated Kovar

external lead and internal post, c) gold-silicon die attach, and d) a welded

.8
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TABLE 4. INITIAL ELECTRICAL TLST RESULTS

FAILURES AVAI LABLEL

PART NO. INTO FOR

No. V.rR TEST 25"C 125` C 1-550C TOA TS

723 D 147 6 4 4 6 141

723 C 185 40 9 39 62 1.23

LM108A R 144 4 17 9 27 117

LM1O8A A 194 Z 42 13 10 51 143

L-MI18 C 147 2 11 0 13 1 34

",LM118 B 147 4 6 5 13 134

LM109 B 149 5 4 6 13 136

.M109 D 148 C 10 136 L ~ 10 138

L1o1 B 133 4 4 4 12

LM11W D 129 4 3 4 125
I ____.___I~___ -_____ ________'_

&• Fou.- (4) parts were destroyed by test equipment failure.

a TWO parts also failed at 125°C. The remaining 134 were -55'C

VSIART p0'.-meter test failures which were ignored for the life test
prograim,

The -55-C tests were"',ot performed for this device due to excessive

oscillation.

Of thle 194 devices which were S'nbmiited for electrical tests, 28 devices

failed the initial 25b'C electrical tests arid were returned to the manu-

facturer for replacements. Since thE 125%C and -55C' electrical tests

were not performed on the 28 returned dývices only 166 devices were

tested at -55 0 C and 125%.

10j



TABLE 5. M38510/1C!04 (LMIO8A) INITIAL FLECTRICAL 25°C PARAMETER CHARACTERIZAT!ON

S ~MANUFACTUE MANUFACTURER A___

TLST LMT
PARAMETER NOS. MIN -- F--X MEAN SIGMA MEAN SIGMA UNITS

V 10  1-4 -0.5 +0.5 -0.007 0.204 -0.003 0.137 mV

+Avs 71 80 --- 1,614 1,892 865.8 1,568 V/mV

-Avs 72 80 --- 1,920 3,039 203.5 87.26 V/mV

4.Avs 75 20 --- 1,120 1,373 252.6 255.2 V/mV

-Avs 76 20 --- 2,934 8,859 141.4 47.95 V/mV

1 5-8 -0.2 +0.2 -0.012 0.041 -0.007 0.026 nA

lIB 9-12 -0.1 2.0 1.067 0.413 1.056 0.305 nA

,-1 13-15 -0.1 2.0 1.078 0.415 1.063 0.302 nA

+PISRR 17 0 16 0.470 1.636 2.438 0.903 aV/V

-PSRR 18 0 16 1.707 0.925 1.118 2.078 pV/V

CMR 19 96 .... 124.7 8.916 121.124 7.240 dB

+IOS 22 -15 -2.0 -5.406 0.155 -9.033 0.627 mA

- 1os 23 2 20 11.41 0.269 '12.289 4.302 mAA

PD 24 2 24 11.38 0.874 13.958 2.584 mW

V 67 16 --- 13.493 0.090 19.167 0.078 V

68 ... . 16
VOP- 18.836 10.056 '18.914 0.064 Vp

11



TABLE 6. 1138510/10107 (L42I8) INITIAL ELECTRICAL 25%C PARAMETER 'HARAOI[LIZATION

MANUFACTURER C MANUFACTURLR 6 I
LIMITS

PARAMETER TEST MEAN SIGMA MEAN SIGMA UNITS
NOS. MIN MAX I

V1 1-4 -4.0 +4.0 0.053 1.273 -0.319 1-,393 mV

+Avs 69 80 --- 2068 3915 151.9 29.11 V/mV

-A vs 70 80 2966 8711 112.0 16.46 V/mV

+Avs 71 80 --- 964.4 2321 154.0 81.50 V/mV

-Avs 72 80 140.9 129.9 174.9 65.18 V/mnV

+A 73 40 - 161.2 129.1 169.5 98.31 V/mV
vs

-Avs 74 40 228.9 778.1 115.9 18.21 V/lrV

+Avs 75 40 --- 525.8 1037 123.2 70.73 V/mV

-Avs 76 40 --- 738.6 1852 1139.8 3037 V/mV

I o 5-8 -40 +40 -9.499 9.523 -0.317 6.401 nA

+1IB 9-12 +1 250 173.5 31.44 108.0 23.82 nA

-lIB 13-16 +1 250 187.0 31.23 111.2 24.05 nA

+PSRR 17 0 100 -14.768 10.15 -26.08 10.37 uV/V

-PSRR 18 0 100 -35.373 12.13 -14.95 6.447 MV/V

CHR 19 80 --- 100.1 6.568 105.3 8.658 d6

VIO ADJ(+) 20 7.5 --- 16.92 1.193 12.52 0.830 mV

V10 ADJ() 21 7.5 --- -16.83 1.397 -12.68 0.844 mV

IOS(+) 22 -40 -12 -30.19 1.358 -31.18 1.205 mA

los(-) 23 12 55 24,94 2.533 39.42 1.553 IRA

P0  24 10 280 204.3 11.65 262.6 9.72 mW

V0pP 57 34 --- 37.81 0.147 37.77 0.117 v

p 68 32 --- 36.60 0.138 36.25 0.123 Vp

12



IDL; i. •JI.OJIU/IUN I k I/Q) INIi Ii•L IC.L I ,HI.CJL 25-C PAiRAMEiER CHJARACTIERIZAT ION

FMANUFACTURER D MArUFACTURER C

PARAMETER NO'. MEAN SIGMA MEAN SIGMA UNITS
MIN MAX I

VRLINE 1 -0.10 0.10 -0.017 0.004 -0.019 0.011 % VOUT

VRLINE 2 -0.3 0.3 -0.117 0.029 -0.141 0,049 %VOUT

VRLINE 3 -0.2 0.2 -0.011 0.005 -0.013 0.010 % VOUT
VRLOAD 4 -0.15 0.15 -0.011 0.009 -0.007 0.010 % VOUT

VRLOAD 5 -0.5 0.5 0.000 0.014 0.001 0.005 % VOUT

VRLOAD 6 -0.2 0.2 0.003 0.008 0.003 0.003 % VOUT

VREF 7 6.95 7.35 7.243 0.056 7.208 0.097 V

ISC) 8 0.5 3.0 2.472 0.143 2.185 0.412 mA

1 9 45 85 59.19 5.217 58.58 2.801 mA

13



TABisE S. M38510/10701 (LrI09) INITIAL ELECTRICAL 25'C PARAMLILK CHARACTLRIZATION

MANUFACTURER D --- ANUFACTURER B

PARAMETER TEST -ILIMITS MEAN SIGMA MEAN SIGMA UNIT

NO. MIN MAX _MA SG ME IGA UITS

VCT1 4.80 5.20 5.039 C.061 5ý044 0.042 Vdc

VOUT 2 4.80 5.20 5.033 0.060 5.044 0.041 Vdc
VOUT 4 4.80 5.20 5.031 0.06" 5."29 0.044 Vdc

VRLN 6 -20 +20 5.710i 2.626 -17.388 1.908 mVdc

VRLD 7 -50 +50 35.689 3.510 -2.798 2.626 mVdc

-10.0 0 -4.084 0.350 -7.168 O!342 rmAdc

ISCo 10 -10.0 0 -4.070 0.367 -7.224 0.367 mAdc

ISCD 11 -10.0 0 -4.056 0.349 -7.130 0.368 mAdc

AIscl 12 -0.8 -0.8 0.014 0.047 -0.056 0.046 mAdc

AIscl 13 -0.5 0 -0.028 0.028 -0.038 0.067 mAdc

1 14 -2.0 -0.1 -0.905 0.149 -1.221 0.003 Adc

VSTART 15 --- 9 0 5.017 0.061 5.037 0.046 Vdc

14



IABLE 9. M38510/10304 (LM111) INITIAl. EtFCTRICAL 250 C PARAMETER CHARACfERI/AlION

MANUFACT'L]RR D VANUFACTURLR 8

TEST LMT
PARAMETER NOS. MP MEAN SIGMA MEAN SIGKA UNITSNO. MIN MAX

V1 0  1-4 -4 +4 -. 335 .414 -. 243 .458 mV

VI0(R) 5-7 -4 +4 -. 743 .389 -. 229 .467 mV

AVC+ 92 150 - 459 73.3 925 1354 V, mV

AVC- 94 150 - 302 88.8 1371 2028 V/mV

10 8-10 -10 +10 .678 1.66 1.24 1.18 nA

I1O(R) 11 -25 +25 3.99 4.44 3.81 3.15 nA

IIB+ 12-14 150 +.1 -56.4 27.4 -53.8 14.7 nA

I1B- 12-14 -150 +J1 -57.1 27.8 -55.0 15.0 nA

VI0(ADJ)+ 23 4 - 8.829 .289 5.22 .251 mV

2IO(ADJ) 4 L - -8.81 .-- I . mV

CMRR 25 75 - 105 5.76 110 5.95 dB

VOL 1 26-27 0 .400 .230 .018 .276 .015 V

VOL 2 28-29 0 1.500 .833 .021 .915 .037 V

10 16 0 .500 .123 .007 .123 .007 A

IG 17 -10 0 -. 855 .966 -1.30 1.34 PA

111 18 0 .100 .048 .003 .048 .003 PA

112 19 0 .100 .049 .003 .048 .004 -A

+1cc 20 .5 5.0 4.11 .244 3.25 .267 mA

-1cc 21 -4.0 -. 5 -2.95 .226 -2.306 .209 mA

1 22 70 200 164 5.01 140 13.0 mA

PD 15 3C 270 211 13.9 167 14.1 mW

15



lid seal. A summary of the differences in package type and material is shown

in Table 10. There were no physical features observed that would have a major

impact on life test results or would limit life test temperature to below

250 0 C.

Thirty devices (three of each manufacturer's device type) were subjected

to Gas Mass Spectrometer Analysis. This analysis was performed by RADC and

the results are shown in Table 11. Manfacturer D's 723 devices contained

only traces of oxygen and carbon dioxide, but his LM1l1 devices contained

significant amounts of water vapor, argon, and carbon dioxide. All of Maanufac-

turer B's devices (LM10SA, LM118, LM109, and LM111) contained only nitrogen

and carbon dioxide, suggesting that this manufacturer has good control of the

packaye atmosphere during device fabrication. Although surface related

inechanisnis are related to water vapor content in the package, the life test

results disclosed no fference between devices with or without water vapor.

3.4 BIAS CIRCUI: 'LUATION

Short-tenrm high temperature tests of a sample of each manufacturer's

device type were conducted to a) verify the suitability of the MIL-M-38510

bias circuit for operating devices at ambient temperature up to 250 0 C, or b)

evaluate candidate life test bias circuits for those device types that lid not

operate satisfactorily in the MiL-M-38510 bias circuit. A suitable bias
circuit was considered to be one that maintained maximumn rated voltage across

the device without causing excessive current at amnbient temperature up to

250°C. A constant output voltage over the desired life test temperature range

was also desired.

The bias circuit tests indicated that the LM1OBA, LM1O9, and LM111

devices were capable of operating at tefiperatures up to 250%C without exhibi-

tiny thenral runaway. Thermal runaway was encountered with the 723 and LN1I8

devices, at ambient temperatures above 200 0 C.

k
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TABLE 10. MICROCIRCUIT CONSTRUCTION DIFFERENCES

PACKAGE
PART TYPE MANUPACTURER PACKAGE TYPE MATERIAL

M38510/10104 B T0-99 Nickel

LM1O8A
A TO-99 Au Plated

Nickel

M38510/10107 B TO-99 Nickel

LM118
C T0-99 Ni Plated

Kovar

M38510/10201 C 10 Lead TO-5 Nickel

723
D 10 Lead TO-5 Nickel

M38510/10304 0 8 Lead TO-5 Nickel

LM111
9 8 Lead TO-5 Nickel

M38510/10701 B TO-5 Nickel

LM109
D TO-5 Nickel

1
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TABLE H1. SUMMARY OF GAS MASS SPECTROMETER ANALYSIS

CONCO NTRATION % (V/V)

LM108A 1 IMIIB I LHI9 723 I / I IoCO5IrUENI F 11M, R IfR KR WR DV { RV KB :
NITROGEN 98.7 99:.81 99.97 77 09.87 99.7? 99. 99.97 oqo 99,b0

I 99b

CARbON 0.17 0.10 0,03 0.17 0.10 0.10 0.10 0.03 .nI
DIOVIDE

II

'ATFR 0.53 0.03 0.13 0,23 0.17

VkPOR

NOIE: VALUES AE AYERAES OF THREE DEVIMES

18



Thle bias circuits used for each accelerated Iiie test are shown in Figure 2.

Thle details and results of the bias circuit eval uation are contained in

Appendix D.

3.b STEP STRESS TESTS

When a non MIL-M-38510 bias circuit was used, step stress testing was

perforined to evaluate that cir(cuit and to obtain additional device failure ;,

data to aid in the final determi nation of accelerated ii Fe test conditions.

Step stress testing was performed on the IMIOA, LM118 and LM111 devices.

Five of each manufacturer's devices were operated in the selected bias confij-

uratiu-n for 16 hours in a test oven at 7'G°% After 16 hours of operation at

750 C, devices were allowed to cool down under bias. and electrical testing was

performed at 256C. The surviving devices were then returned to test at an

ambient temperature of 100%C for an additional 16 hours of operatior,. This

sequence was repeated in 250 (C increments until all surviving devices experien-

ced thermal runaway at 275%'L. Thermial runaway was not observed in the LM11II

devices. The results of the EMIOSA, LMI1S, and LMI.l. sten, stress tests are

shown in Table 12.

With the exception of the Manuifacturer C LM118 devices, all LM1O8A and

LM118 failures were due to bake- recoverable surface related mechanisms. The

Manufacturer C LMI18 devices experienced a then;ral runaway failure mode at

20 0 C and exhibited melted open metalization due to excessive current. Prior

circuit evaluation tests had indicated a thermal runaway problem above 225.C,

Thernal runaway was not observed witn the Manufacturer B LM118's since ZllI

devices had failed after Whe 150%C step due to a surface related mechanism..

As a result of these findings, LM118 life test temperatures were limited to a

maximum of 1750C to avoid therwial runaway and to enhance the failure time

resolution of Manufacturer B devices at the ma.xilnum test temper,,ture,

19
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FIGURE 2. ACCELERATED LIFE TEST BIAS CIRCUITS
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TABLE 12. STEP STRESS RESULTS

- ~ CUMUL 7ATI W O F.Al LURE-- - --

kANUFACTLJRER P/N NOTES
75°C 100% 125% 150%0 175% 200% ?25'C250 2750C

II

B LM10B 0 0 1 2 3 3 4 4 2,4

A LM108Al 0 0 0 0 0 0 0 0 12

C LM118 0 0 0 0 0 1 1 4__ 3,5

B LM111 ----- -- - -- - 3 3 65

D LM111------------0 1 3 7

Note__s :

1. Each test started with five (5) devices, and each temperature step lasted 16 hours.

2. Devices drew excessive current at 275°C. Step stress test terminated @ 25%C.

3. Devices drew excessive current at 275"C. Step stress terminated after 1/2 hour

@ 2750C.

4; All failures were due to surface instability.

5. AHl failures were due to thermal runaway.

6. Two Vevices failed 11b due to operation of device near the saturation limit of

the amplifier and three failed 1 o due to surface instability.

7. One device failed 110 aod two devices failed V1 0 due to surface instability.

2.



As had been suggested by the prior circuit evaluation test results, the

LM1O8A devices did not exhibit thermal runaway at 250 0C indicating that the

maximum life test temperature for the LMiOBA's could be as high as 250'C.

However, subsequent attempts to initiate life tests at 250 0 C did reveal a

thermal runaway problem with a high percentage of devices, and the maximum

test temperature was reduced to 225%C.

With the exception of two Manufacturer B LMIll device IB failures at

the 1750C step, and two Manufacturer D LMl1l device V10 failures at 275 0 C,

all LM111 step stress failures were due to out-of-tolerance 110 parameters.

The apparent failed values of 1IB were attributed to device operation at

common mode voltages too close to the supply voltage. Therefore the baseline

electrical parameters were revised and performed at common mode voltages

(VCM) of OV, -13.5V, and 12.OV rather than the OV, -14.5V, and 13.GV speci-

fied in MIL-M-38510/10304. Both the I11 and VIO failures were due to

surface instability, therefore life testing at 250 0 C was considered reasonable.

3.6 THERMAL RESISTANCE DETERMINATIONS

Upon completion of the bias circuit evalucvion and step stress tests, the

thermal resistance of each manufacturer's device type was determined to

estimate maximum junction temperatures that would be e.xperienced during life

testing. An electrical test technique utilizing the forward voltage of a

substrate diode as a temperature sensitive parameter was used to determine

device junction temperatures. A MDAC-St. Louis thermal resistance tester was

used to make the substrate diode forward voltage measurements. This tester

operates the device in a power dissipating mode for 99.9% of the time and only

briefly (I millisecond every second, forward biases the substrate diode. Ambient

temperatures and circuit configurations were consistent with expucted accelerated
life test conditions during the time junction temperature measurements were

being performed. However, the actual power dissipation was somewhat less than

the expected life test. vund'.tions. lhus, the thermal resistance values

determined from thc.,,se tests were used to compute junction temperatures at the

power dissipatiun conditions expected during life testing.

22



The results of these tests are mno',,: in Table 13. Thermal resistance

values for each device type are similar for both manufacturers, and the

variations between device types are inversely related to die size.

3.7 CURRENT DENSITY D'LIERINATIONS

The current density in Vhe cs riis of each manufacturer's device

type was determi ned from iwean; ,rvens: of V CC stripe dimensions during

construction analyses and j;,easurements (f device currents during bias circuit

evaluations. Results of these cýIlculaLions arc shown in Figures 3 and 4 for

ambient temperatures up to 250KC The tiixi,,ium calculated current density at
4 2anticipated life test teoiperatures was less than I x 10 A/cm . Therefore

only minimal metal migratioi failures mere anticipated in 4,000 hours of 250QC
42life testing at current densities below I x 104 A/L•.

2

I

I

I
I
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TABLE 13. MICROCIRCUIT THERMAL RESISTANCE

THERMAL RESISTANCE
PART NUMBER MANUF. JUNCTION TO AMBI-NT

JA- uC/WATT

MIL-M-38510/10104 A 107.8

(LM 08A)
118.2

MIL-M-38510/10107 67.0

(I.M118)
B 79.0

MIL-M-38510/10201 C 65.7

D 65.5

MIL-M-38510/I]0701 B 60.0
(kMl09)

D i 75.0

M I-L-M--3851 0/ 1O34B 199.9

D 218.6

24
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FIGURE 3. MICROCIRCUIT CURRENT DENSITY; LM1O8CA, I.M118, 723 & LMO_9
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FIGURE 4. M38510/10304 (LM111) MICROCIRCUIT CURRENT DENSITY
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4.0 ELEC.TR ICAL- CHA\RJCTLP IZATIO 1UEiS [ REISULl '

Charocterizat~ion testing was performied in .3ddif.ion to initial, hi';eline

el ectr'ical tests to gain furthOer' insight into device perf ol;anrce characteri s-

t.i cs. Those 6'.,ramic tes.ýts not perforiied durin,, baseline testing such as

ripple rejection, output noise, trsnssictt response, andI slevi rat~e, were per-

f n i.m' -,d with a sanple of ten of each manufacturer's device type. The

specific tests perfunned for each device are described in Appendix B. In

addition, the tranisfer characteristics of two of each imanufauturer's deviceI

type were evaluated at various tuorditions of temiperature, voltage, -o'ad, and

frequency. Suoirnaries of the dynamic te!st results and details of th~e device

transfer function studies dre containeo in Appendix [.j

4.1. DYdNAMIC TEST RESULTS
rhe dynamic test results are sumnmarized in Table 1.4. At least 50%, I

of each manufacturer's devices fail one or inore of the dynawmic parameter

tests;. SulsequenL revisions to MIL-M-3851.0 contain relaxed end-point limits

for thesc parameters. A r evi ýw of tho new speci fication liimits and the data

frora the,,e t;ýsts indicate that no further revi sions of the sp,,cifi cati ons are.

necessar~y.

4 .? TRANSFER FUNCTION STUDIES

A study teý d-letenni n the transfer funct ion kthe curve of the o'itpuL

reýspontse as a function of input voltage) of two of each manufacturer's devices

was per-foynied. The p-irpose of the study was to determine the response of

transfer function curves to variations in temiperature, voluaq.Je, load, and

f r\quenc;y.

The transfer function of the L-M1OJ3A and LMIS operational amplifiers would

i deal ly be the open-l1oop 9a in aind woulld appear as in igure 5. However, inter-

nal thermal effects cause the slope and li nearity to chanyo, as can be noted

in Figures 6 arti 7. In addition to Marnufacturer B's LM108~A and LM118 devices,

thea LM111 devices exhibited oneq or both of these thermial ef fects. Differences

in phase and linearity ire caused by thennlal gradier.ts whilch exist between the

input and output circuits. These temperature g4radients are produced by the

27



TAB[I 14 DYNAMIC It-ST RESULTS

lOTAL FAILED

PLVICE TYPF ,'IFR Mi RI RFR MFR

A B c D

l.I108 A 7 10 -

L.A118 - 6 10 -

)23 10 5

LM109 110 - "i 0

LI 1 11 10 10

TEN (10) DEVICES OF EACH MANUFACTURER WERE SUBJECTED TO DYNAMIC TESTING.

1

I1I

I

I

I
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FIGURE 5 IDEAL OPLRATJONAI pjjF *1 1i IFý 0 F'-N LOOP GAIN CURVE

I 1 GURE 65 RESULTS O1F 1 FIll IM AF I C~O li IF AL OF LRiJI ONA. AM'PL IFI1ER OPEN

? ( \H i~



FIGURE 7. RESULTS OF THERMAL EFFECTS .8O_,PHASE SHIFT) OJ THE
MANUFACTURER B LM1 18 OPEN LOOP GAIN CURVE

FIGURE 8, TYPICAL VOLTAGE REGULATOR TRANSFER CHARACTERISTIC >.,RVE
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power di ssipated in the output stages of the a,,] ifier. The resul tiny heat

conducts thrug~jh the s1 icon chip causing uneven heati nj of the input comI)o-

nents. Since all input components are not on isothermial lines, the resultinj

temperature differences in these components cause the device to produce other

than ideal open loop gain curves.

The identification of device characteristics which produce linear

transfer curves within operational amplifiers could not be fully determined.

Although linearity is improved by minimizing temperature differences in the

input circuitry, devices with nearly identical die layouts (Manufacturer B

and C LM1I1) produce different transfer curves. Likewise, devices from

different manufacturers with similar junction temperatures produced dissimilar

transfer curves. In all cases the best transfer curves were obtained by

operating the device at no load, thereby reducing the magnitude of the thenial

effects within the die.

The transfer curve of the LM109 and 723 voltage regulators was noriially a

steady output voltage after there was sufficient input voltage to achieve

turn-on. The curves in Figure 8 are typical of the voltage reguIiator transfer

characteristic curve, and show the overall response (curve A), and a magnified

response of the normal output of the device (curve B).
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5.0 APPLICATION/TEST RELATED STUDY RLSULFS

The appli cation/test related studies were perforiied to provide inforila-

tion and recommendations related to the application of Ehese linear devices in

electronic equipment. Consideration was given to requirements for board

layout, supply voltage filtering, shielding, compensation, loading, and

in-erfacing. This informiation was derived fron the results of characterization
tests, development of electrical test programs and fixtures, and a literature
survey of application guidelines. Test results were also used to fonnulate

recoiimendations for improving the applicable MIL-M-38510 specifications.

5.1 APPLICATION GIJIDELINES

The following recommendations are suggested as aid; to optimal app'i ca-

tion of the linear devices studied in this program:.

LM1O8A - The LM1O8A is a precision operational awplifier with very low

offset voltage drift and high common mode rejection. The input is shunted

with back-to-back diodes for overvolLage protection. Therefore the input

differential voltage miust be kept below 1 Vdc or excessive input currerts will

result. To improve power supply noise rejection, a 100 pF capacitor should be

added from pin 8 to ground. In laying out a circuit using these devices care

should be taken to keep package leads short and input leads close toc'ether,I not only to minimize the possibility of parasitic oscillations and noise, but

also to minimize offset errors due to thenrial effects. Thenrocouple effects,

due to package lead to printed circuit board connections, can create micro-

volts of error if the toperature of the input lead connections differ by only

a few degrees centigrade. Maintaining botbI ends of resistors at the same

te eiperature is also important since carbon, oxide film and some ,etal film

resistors can cause large thennocouple errors. Wirewound resistors of evenohmi"

(20% Cr + 75% Ni + 2.75% Al + 2.75 Cu) or manganin f847, Cu + 12% Mn 4 4%" Ni)

only generate about 2 nV/CC referenced to copper Li], buL the inductance of

wirewound resistors should be considered. Likewise, the gain fixing resistors

should be of the same imaterial to assure tracking with temperature. Since the

device input bias curren.ts are in the range of 1.0 nanoampere, care must be

taken to reduce leakage currents by properly cleaning the printed circuit

boardS. To prevent subsequent conLwiiination, the uoard should be covered withi
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an upoxy or silicone ruboer coating. To futher reduce leakage cxrrents on a

printed circuit board that. has b en prcoerly cleaned and coailed, a guard ring

is sugigested by both manufacturers. By designing the guard ring around tf.e

device inluLt rins, as shown in Figure 9, the voltage ditferentlal between

device pins is reduced, thereby reducing potential leakage currents.

LM11' - The LMI18 device -is a precision high speed operational amplifier

with "ide bandwidth and high slew rate. These dv.,vices also have diode input

protection, but Manufacturer B's devices have a 1 volt breakdown li it while

Manutfacturer C's devices have a 5 volt breakdown limit. To achieve the hioh

gain and large bandwidth of the device the circuit layout should be arranged

to keep all lead lengths as short as possible and the output separated from

the inputs. The values of the feedback and source impedance should be kept

small to reduce the effect of stray capacitance at the inputs. The power

supplies should be bypassed to ground at the supply leads of the amplifier

with low inductance 0.1 JF capacitors, Capar:itive loading ilust be kept to a

mi nimoum.

LMi09 - The LM]09 device is a complete five volt regulator. The regula-

tor is current limited and goes into thermal shutdown at junction temperatures

greater tha. i6D°C. When operated at 25%C with no heat sinks, the device will

go into thermal shutdown with a constant current load of 500 Miiliamperes.

For a constant current of 500 milliamperes, proper heat sinks must be used.

Output capacitors are not needed for stability, but a 1.0 pF capacitor from

the output to ground improves the transient response. Also, an input capaci-

tor of 0.2 lF is required if the reyulator is locaLed an appreciable distance

from the power supply filter.

723 - The 723 device "] d precision voltage regulator. The device has

low standby current drain, low temperature drift, and high ripple rejection.

The device call be used as a series, shunt, switching, or floating regulator

in positive or negative power supplies. In usin- the device as a low voltage

regulator the circuit shown in Figure 10 is used. For this circuit R3 should

be equal to UI in parallel with Rk for minimum temperature drift, since the

dvice is susceptihle to temperature drift under high dissipation conditions.
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FIGURE 9. SUGGESTED PRINTED CIRCUIT BOARD LAYOUT OF INPUT PROTECTION FOR LM108
DEVICES
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FIGURE 10. 723 APPLICATIONS CIRCUIT
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L-MI¶I - The LMill device is a voltage comparator with input bias currents

typically in the 50 nanoanecer. range, When the LMIII device is used in a cir-

cuit which does not use fc~dback, there are no special precautions to recom-

mend, but in a feeaback loop iype circuit the device is susceptible to oscil-

lations- To el imiiiate thes.e os: illations lead lengths should be kept as short

as possible and power supply bypass capacitors should be placed as close to

the device as possible. Drtails of the compensation necessary to reduce oscil-

lation for the MIL.-M.38510 test. circuit are contained in the next section.

5.2 STATIC TEST CIRCUIT MODiFiCATIONS

The circuits used in the static electrical tests were those contained in

the appropriate MIL-M-385iO specification. The compensation and filtering

capacitors were as shown in the specification except as noted below.

(a) Capacitors connected to the device under test were placed as close to

the device as possible.

(b) MJL-M-38510/10104 and /10107 (LM1O8A and LM118) - an additional

1 microfarad capacitor was added from +Vcc (pin 7) to -Vcc (pin 4).

This was done to elininate transients caused by relay switching

beLwee tihe sIpLifit. t!sýt.

(c) MIL-M-.38510/1.0304 (LMi11) - The LM111 device in the static test

circuit was extremely susceptible to oscillation. By constructing

the test fixture as compact as possible and attaching all capacitors

associated with the device under test directly to the test socket,

the oscillations were eliminated oi' reduced-to an acceptable level,

except for the emitter gain tests- The oscillation could not be

reduced to an acceptable level for the emitter gain test so this

test was deleted from the testing sequence. Additionally, the 10

and IG test parameters were out of tolerance and test repeatability

was poor due to ripple and transient currents in capacitors used to

stabilize the tsiiturC. The automated system used to test these

devicc.s ineasures ari instanltaneeou rather then an average current.

Thus, ii- was necessarv to fabricaLe a separate test fixture for

measut.int the 1n -nd 1,. parajieters. Since the compensating

capacitotsý alsn peiw-ieCd large current transients through the relay
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contacts used fur switching between tests, the fixture used for the

10 and IG measurements was also used for VOL, Icc and II measure-
ment s. The tWo circuits and their coripensatlion capacitors are shown

in Figures 11 and 12.

5.3 MIL-M-38510 ELECTRICAL. TEIST ILI ICI N[CIIS

During the course of preparing software for automated tests of the linear

microcircuits, a number of deficiencies were noted in the MIL-M-38510 slash

sheets. A brief description of each discrepancy is as follows:

(a) MIL-M-35510/10104 nrid P11L-H-3t'510/10107 - The static test circuit

(Figure 3) in the 15 SeiLtumber 1975 revision of the specification

has a 50K ohm resistor in the r:inus input to ground path. This

should be a 50 ohm resistance to match the impedance to the positive

terminal. This discrepancy was corrected in Amendment 3, dated

22 February 1977. In addition, the Power Supply Rejection Ratio

(PSRR) test limits should be double sided since it is possible

to have a negative PSPP.

(b) II1L-M-3851C/10304 - With the exceptions of the IOS and I1 tests, all

LM111 test conditions require the inputs (LMIIi device pins 2

and 3) to be the same voltage. During preparations fc'-

electrical testing, a separate power supply was programmed for each

input. While checking out the static test fixture it was noted that

separate power supplies could not provide exactly the saine voltage

to the test socket, and millivolt differences in these voltages

caused invalid test results. lhe difference in these supplies

should be less than 10 iiicrovolls. To insure that identical volt-

age conditions were present on each input, two additional relays

were added to the /10304 static test circuit. The first of these

relays shorts piius 2 and 3 tuyether when the same voltage is

required on each input, thuo, eliminrating the error induced

ween using a •ecuiid power supply. 1, second relay was added

which provides ground on the dcvicc input.s when boLh of the addi-

tional relays are encergized, thereby eliminoting the need for either

puwer supply on the device i: iMt s during uirny tests. By installing

36



-7-

3 11 +l8Vdc

- 4?pI F -
-

AL .

-'V'ý;IV - --

499H -4m T D.U . i LH ONQC O-4

49,. 3, r_*U .22ivF 
OQNl16_

-vc ccv

2v I1M
V N2-0 

rI

-Vcc E

FIGURE 12. [ 1Mii 1 S IATIC T[Si CIRCUIT FOR Io l G' V0 Ic AND I~ M[ASUREMENTS

37



the two (2) relays as cicse as possible to tie test socket, invalid

test conditions in the input offset voltages were eliminated. The

static test circuit was also changed for the emitter gain test. The

device under test should have +Vcc connected to pin seven (7) to

provide a voltage across the outp'it transistor.

(c, MIL-N-38510/10701 - The Cest limits for the Delta Standby Current

Drain ( I,,) for the h7ne current shouid be double sided since it is

possible to have negative delta results.

5.4 MIL-M-3851O ACCELERATED LIFE TEST CIRCUIT DEFICIENCIES

The circuits in MIL-M-38510/101D (15 Septembar 1975), MIL-M-38510/1OLE

(29 September 1977), and MIL-M-38510/103A did not provide adequate biasing

conditions for accelerated life tests. New accmlerated lift test circuits

were developed for the operational amplifier and the voltage comparator. The

MIL-M-38510 bias circuits which were evaluated and the recommended life test

bias configurations are shown in Figure 13.

The MIL-1i-38510/101D bias circuit, which applied 30Vdc to VCC and

ground to the device inputs, did not provide maximum stress conditions across

the device. The MIL-M-.38510/101E bias circuit increased the appii'ed VCC

voltage from 30Vdc to 40Vdc which provided the maximum rated VCC voltage

across the device. However-, by applying 5Vdc to the (+) input of the device

this configuration allowed the input protection network to drdw excessive

current. The recommended bias circuit was preferrE.d since it reduces the

input current by lowering the input bias voltage froni 5Vdc to 2Vdc in addition

to applying the maximum rated device voltage (40 Vdc) across the devices.

In the recommended life test bias circuit for the comparators, a 5K ohm

current limiting resistor is connected between tfe output (pin 7) and the 30

Vdc power supply. The MIL-M-38510/10304 life test circuit has the output

connected directly to 4VCC (pin 8). In the MIL-M-38510/11304 configuration

the voltage across the device would depend on tUe state of the device output,

and if the output switched low there would be no voltage across the device.

Any test circuit which does not insure that 85% of tie supply voltage would
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RECOMMEND)ED h"PLIFIER L.IFF TL5T CIRCUIT

30 Vdc30 Vdc

+ cc

11.-M-38510/103A COMPAR<AIOR LtFE TEST RECOMMEFNDED COIMPARATOR LIFE TEST CIRCUIT
CIRCUIT

FIGURE 13. MIL-4i-1-38510 VS. RECOMMENED LIFE TEST CIRCUITS

391g



always be present across the device is considered unacceptable. This condition

was eliminated by connecting the device output to the power supply through a

5K ohm resistor,

Both recommended life test circuits provid2 ddequate life test conditions

and no bias circuit related failures resulted during the actual life tests.

5.5 MIL-STD-883 DEFICIENCIES

The MIL-M..38510/1O1E and MIL-M-3853.0/103B contain a Group A inspection

table (Table 111) which lists the ele-trical test requirements for the appli-

cable linear devices. Within each table is a column of MIL-STD-883 test

methods which can be referenced for most electrical tests. The information

found in each referenced MIL-STD-883 test method can be categorized by one of

the following:

(a) The test method does not apply to the MIL-M-38510 electrical test in

question,

(b) The test method was written for testing of digital microcircuits, or

(c) The test method is outdated by test information contained in the

respective .I.L-'I. u,. slas: sheet,

Since all Group A electrical tests for the LMI08A, LM118, and LM118 devices

can be implemented with the information found in MIL-M-38510, the column of

MIL-STD-883 3000 and 4000 series test methods should be deleted, or the test

methods should be revised.

5.6 DEVICE OPERATION CHARACTERISTICS

The MIL-M-3851(/10304 (LM111) device was found to exhibit erratic

behavior in the extreme common mode voltage regions. Analysis of device

operation in these regions showed that electrical tests performed at common

mode voltages of -14.5 Vdc and +13 Vdc resulted in device operation at or

close Lo the saturation limits of the input transistors. Figure 14 shows a

typical plot of lID current versus common mode voltage. At common mode

voltages of -14.5 and +13 Vdc the device is at or near the point where it is

driven into saturation. Thus, the output of the nulling amplifier is also

driven into saturation, resulting in a large out-of-tolerance value of I1B.

It is suggested that the tests on these devices b(- modified to common mode

voltages of -13.5 Vdc and +12 Vdc.
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6.0 ACCELERATED LIFE TESTSi

6.1 LIFE TEST CONDITIONS

Based on the results of the prelife test evaluations, the life test

temperatures shown in Table 15 were selected. These tenmperatu,-eý appeared

to avoid thermnal runaway problems and the selected cir,.uits maintained a

constant device output voltage with minimal current drain. However, after

operation of LMIO8A life test devices at 2500C for 1/2 hour, 43% of the

Manufacturer A devices drew excessive current due to thermal runaway. The 15

devices which drew excessive current had a different date code (7642) than the

devices used for circuit evaluation and step-stress (7643), and is apparently

why this problem was not encountered during the prelife evaluations. Due to

the thermal runaway problem, the maximum LM1OSA life test temperature was

reduced to 2250C and the other two life tests were conducted at 200%0 and

1750C. Unfortunately at 1750C, the output voltage of some of the Manufacturer

B LM1O8As is low, whereas at 200%C and 2250C, the output of every device is

thermally biased high. Although an undesirable condition, it was anticipated

that most life test failures would not involve the output transistor, but

would involve other transistors on the die where the junction stresses were

the same at all temperatures. Actual failure modes for this device were not

associated with the output transistors.

During initiation of LM111 life testing, more than 50% of the devices at

life test temperatures of 2250C and 25000 failed within 32 hours. Almost all

failures were due to slightly out-of-tolerance II0 and VI0 values. In

order to provide a reasonable failure distribution, the 10 and Vl0 limits

were relaxed and life tests were continued. Previously failed devices were

then subjected to the new failure criteria, and those passing were returned to

life test. The 110 limits were changed from +IOmiA to +20nA and the V10

limits were changed from +4mV to +5mV.

A summary of voltage, current, power dissipation, and junction tempera-

ture conditions at the selected ambient test temperatures is shown for each

device type in Figures 15 through 19.

The sequence for performing the life tests is shown in Figure 20.
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TABLE 15 LIFE TFSI IEMPERATUR[S

TEST IWP-RATURES ("C)

PART TYPE 2
125 150 1>1'' 200 225 250

M385i0/1O104BGC X x X /
(LM108A)

M38510/1O!07BGC x X x
(LM11)

M38510/10201BIC X x x
(723)

Mj8510/1 0701BIC X X X
(I.Ml09)

M385101/10304BGC x X x

(LMlII) I

/I Initial attempts to operate LMIO8s at 250'C resulted in
thermal runaway and the devices were subsequently placed
on test at 175ýC.
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I
I

+40 Vdc

+? Vd cc+ '

ACCELERATED LIFE TEST CIRCUIT

TA VCC ICC P V
MAN!- AM3BIE.NT DEVICE DEVICE POWER OUTPUT JUNCTION
FACT- TEMPERATURE VOLTAGE CURRENT DISSIPATION VOLTAGE TEMPERATURE
URER (CC) (VOLTS) (MICROAMPS) (MILLIWATTS) (VOLTS) (.C)

A 175 39.981 108 5.1 39.6 175.5

200 39.994 61 3.3 39.6 200.4

225 39.972 282 12.0 39.2 226.3

a 175 39.98p, 173 7.8 15.6 175.9

200 39.977 192 8.5 38.4 LOI.O

225 39.961 340 14.4 34.6 226.7

1. DEVICE CONDITIONS ARE APPROXIMATE AVERAGE VALUES
2. JUNFIOCN TEMPERATURES BASED ON A CALC'JL;.TEE THERMAL

RESISTANCE (O0A) OF 107lC/WATT FOR MANUFACTURER A

AND I18°C/liATT FOR MANUFACTURER B.

FIGURE 15. M38510/10104 (LMIOBA) SUMMARY OF LIFE I[SF CONDirioNs
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40 Vdc

2Vdco-'\A icC
I -0 V0

ACCELERATED LIFE TEST CIRCUIT

MANUJ- TA VCC ICC P d VO T

FACT- AMBIENT DEVICE DEVICE POWER OUTPUT JUNCTION
URER. TEMPERATURE VOLTAGE CURRENT I DISSIPATION VOLTArGr TEnM..ATcUR7

(°C) (VOLTS) (P1ILLIAMPS) (MILLIWATTS) (VOLTS) ow

C 125 39.70 3.0 119 1.44 132.9

150 39.G9 3.0 121 1.42 158.1

175 39.68 3.0 122 1.58 183.2

8 125 39.78 1.9 76 .925 131.0

150 39.81 1.9 76 .813 156.0

175 3.l7 2.1 36 .726 181.8

1. DEVICE CONDITIONS ARE APPROXIMATE A4ERAGE VALUES

2. JUNCTION TEMPERATURES BASED ON A CALCULATED THEkMAL
RESISTANCE ()JA) OF 67"C/WATr tO. MANUFACTURER C
AND 79°C/WAlT FOR M¶ANUFACTURER B.

FIGURE 16. M335101101•7O j•M118.i SbMMARY OF LIFE ]EST CONDTIONS
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0 I
ACCELERATED LiFE TEST CIRCUIT

TA V cCcc Fd TO
tANU- .IM31ENT DEVICE DEVICE PO'-ER OU1PUT JJdcTIo0.

FACT- TEMPERATURE VOI.TAGE U CUPrf" T DISSIPATION VOLTAGF TEMPERATURE
URER {'C) (VOL.S) (MILLIAWPS) (r:I.LIWATTS) (VOLT%' (°C)-

150 19.1 2 78 45 7.1ý 1S3.0
17- -C. E(B9a?45 178.1 •

?00 19.7 3.21 54 7,06 20,'.6

150 19 .7 2,8! 55 7.25 154.1

175 19.8 2.72 44 7.25 "ia,r.3

200 19,B 2.67 43 7.25 203.2

1. DEVICE CONUITIONS ARE APPROXIMATE AVERAGk VALUES

2. JUNCTION TEMPERATURES BASED ON A CALCL'LAIEC 7HFRtMI.
RESISTANCE (CjA) OF 6S.7°C/WAT FOR KrNUiACTURER C
AND 65 15C/WAI I FOR I'NUFACTUREr D.

rrui 17. 1138510/Oi001 (72?31 SbAMAR' 0F LIFR TEST CONDITIONS
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4-25 VCC
INPUT+25 V . --_ OUTPUTINPUT ~ , cc

,22wf L

ACCELERATED LIFE TEST CIRCUIT

KAU TA I C 1 CC [ d V0  Tj
FACT- 1 TLS!EiT DEVIC DEVICE POWER WUTPUT JUNCTION

FACT TEMPERATURE VOLTAGE CURRENT DISSIPATION VOLTAGE TEMPERATURE
U(OC (VOLTS) (MILLIAMPS) (MILLIWATTS) (V(LTS)I (-C)

e 200 24.66 4.2i 104 .561 206.3

225 24.54 4.55 112 .060 231.8

-*. 6.51 1 159 .430 25.,6

0 200 24.62 3.99 98 .892 207.4

?2S 24.35 5.09 124 .753 234.4

250 24.13 7.68 15 .71 264.0

,. DEVICE CONDITIONS ARE APPROAIKATE AVERAGE VALUES

2. JUNLT;ON TEMPPRATURES BASED ON A CALCULATED THERMAL
PSIS!ANCE (eFi) OF 60°C/WATT FOR tANUFACTURER 8
AND 75OL/WATT' -OR M•ANUFArTURER 0.

FIGURE 18. M3850/!J070_ I.:MlO.fl SUIMMARY OF LIFE TEST CONDITIONS
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30 VOC

Icc ýr80) SlKn

DM0NITOR 1,lV c

MXCELEPJ.-SED ýJFE TEST CIRCUIT

TKAUC.CcUIEccfpTA 1C0 T
MAUATRR A113 I ENT DEvicE -1 EVICE PO~lER l111PUT JUJNCTION

TEMPERATUR[ V0,TAi'E CIvPTEN DISSIPATION 'r$OLTArE Tri-IPEPATURE
(") o!.J5' IN111LIL AM-PS) r,:LLlIWATT,) 0(l1 T%)

200 79.f7C, .879 24.fl 29.78 205.0l

225 2I P 37 ?5. 29.20 M3.1

250 I29.628 .048 1 4P8.1 25.53 259.6

0 200 29.65 .739 9. 23.35 M~.7

225 29.6P2 .772 48.1 6.7 235.5

250 29.657 .798 54.8 10.47 262.0

1. DEVICE C0:ýD1H0NS ARE APPR0XII1ATE AVERAGE VALUES.

2. JUNCT ON TEMII'EATREPS BASED Otj A. CAL1CULAIED I ERIIA. PIlSISIAKIE It) JAOF 2nO0 CINAT[ FOP
liAMUFACIURER 6 Ah9 2I9"CfWA1IT FOR MiANUFACTURER~ 0. '

IV]GURE 19. tl3)1O/1o)3T4,jL~ini) SU~ltiA.Y OF_[1FF TLST CONDITIONlS
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OPERATE PERIODICALLY CHIL TO 250C -

INTA DVC ISAL ET DEVICES AT MONITOP DEVICE WITH BihS
ELC.TSS CRSNDESIGNATED CONCITiON IN APFLIEf) AT

TEST FACILITY CONDITION4S TEST FACILITY SCIHEDULED TIME

NO

FAILED -~

DEVICES

Y ES

NnRE .tMOVF .1FAILED :
REMOVE TEST CTEST YES
CARDS FROM COAP ?L ilT>E
TE ST FACILITY

FINAL DEVICE
ELECT. TESTS

FAILED DEVICES
ANALYSIS% DF

FAILED DEVICES

FIGURE 20 .LIFE TESTING SEU.gkENCE
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6.2 ACCELERATED LIFE TEST RESULTS

Accelerated life tests we-e continued to the 4,000 hour point or to

the 70% failure level , and the rESUlts are summarized in Table 16, This

table shows the cumlul dttive number of devi ces failii ng the 25C dc el ectr-ical

tests at each measurement point, and the number of devices failing the final

3.25%C and -550C teF.ts,
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TABLE 16. LIFE TEST FAILURE SUMMARY

f NO. OK MAHUFAC- CUMULATIVE NUMBER OF FAILURES AT HOURS OF TEST

rpkPART CELL TESt TURER TEMP 1 2 4 8 ]6 32 64 128 256 500 lUO0 2000 4030 F•'

I.M]08A 115 35 A 225 - - 0 1 2 2 4 1- J 12 17 20 23 26

114 35 200 - 1 1 2 2 3 3 4 9 13 14 17 17

113 35 175 1 2 2 4 4 5 6 6 6 7 9 11 16 17

215 30 B 225 - - 18 19 20 20 21 24 25 27 29 - - 29
214 30 200 - - 14 18 18 18 20 22 22 23 26 - - 29

213 30 175 11 12 16 18 19 19 19 20 20 23 27 - - 28

LMII8 233 34 B 175 22 23 24 24 25 25 25 26 26 26 28 - - 28

222 34 150 17 22 25 26 26 26 27 27 27 27 30 - - 33

221 33 125 0 0 6 15 18 20 21 23 23 23 23 - - 27

323 34 C 175 1 1 2 2 2 2 3 3 3 3 3 4 8 8

322 35 150 0 0 1 1 1 1 1 1 1 1 1 2 2 3
321 34 125 i I I I I 1 1 2 2 2 3 3 6 6

1723 434 35 D 200 0 0 0 0 0 a 0 ri u a 0

433 34 175 - - 1 1 1 1 2 2 2 2 2 2 3 3

432 35 150 - - 0 0 0 0 0 0 0 0 0 0 0 0

334 30 C 200 0 0 0 0 0 0 0 0 0 6 6 0

331 35 175 - 0 0 0 0 0 0 0 0 0 0 0 0

332 35 .150 - 0 0 00 0 0 0 0 0 0 0 0

LM09 256 .35 B 250 - - 0 0 0 00 1 2 2 2 2 3 3

255 35 225 - - 0 1 1 1 2 2 2 2 2 2 3 3

254 35 200 - - 0 0 0 0 0 J 0 2 2 2 3 3

456 35 D 250 - - 2 2 3 3 3 3 3 3 3 4 4 4
455 35 225 - - 0 0 1 1 1 1 1 1 1 2 2 2

454 35 200 - 2 2 ? 3 3 3 3 3 .3 3 3 3

LMII 24( 35 R 250 - 4 5 6 1 1 12 14 16 1923 - - 24

245 35 225 - 2 2 2 3 8 10 16 22 25 - - 25

244 35 200 - - 0 0 0 0 0 3 4 16 25 - - 29

446 35 250 - - 0 2 2 55 5 12 14 34 - . 34
445 33 225 - - 1 6 7 1212 12 1 6 19 29 - - 29
444 35 200 - - 0 1 2 9 9 18 19 35 - - 35
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7.0 FAILURE ANALYSIS

All devices failing an interim or final electrical test during step

stress and life testing were analyzed to determine the failure mode, mechanism,

and probable cause. However, only a limited analysis was performed for those

few devices that exhibited a randon,, isolated failure mode and most of the

devices that exhibited parametric failures at +125°C only. Summaries of the

failure analysis findings for each manufacturer's device type ace shown

in Tables 17 through 21. Complete details of the failure analysis procedures

and findings are contained in Appendix F.
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TABLE 17. MTL-M--28510/10107 (I.M1lS) FAILURE ANALYSIS SUMMARY

A F A IEB PAR A~i0~ Tfk SYMPTf).S (jANT:Ty OF lAILURFSA,! 0. I~i' OF FAILUP E RF (AS , hy T1ýT CLE

B. FAILURE 4ORE 'IMUFACTIJPLA b IFUFAC-TURER C

Fi~uki WLrHANISR STEP ACCELtRATEUJLF STEP ] AOEAM LATIID LIFE

L. CAuSE Of FAILURE STRESS j SRESS

I2 12II 5*C Mo .

A. ;IL AND/OR ISARR 31?A ,A01f ?@

BI. ChArNNL. CURRENTI FPCI4 RIS 10 T;iE 2F; AU' 9ED ',(2 102 I
SJRS-RAIE ?Rthl 304 119I

. AE:Oh f THE -ISISTOA TUB 2@3? 10& 1@16

EUUL TO CHArCO M11LRAT!QI, 1@64 1064 I9IUOZ)
0. MUM~E IONS OR CHARGES IN THlE 2101?8 jIRIDoD I

PAsSSIVAT! TN

B R-V IU ERRDUT CHANNEL CURRENT

C. uribAS orTHENPUT TRANSISTOR

A. 1 10 V IB 

I- 4 o7.1]19 00B. LOil CAIN IN INPUT TRUlSiSTOR 
EPIOQo 2 "04000

D. M09RILE IONS (A Cm.ARGES IN TIl.:

PASSIVAl (IN

V. 10 LATCHED UP it.3

B. OiELTED STRIPES ARE MACDIED .);CNTION5 ?50SDC Z@4000

C. E'RUAADE THERMAL. RUNAWAY OF LI T2.01

IT. UNKTNOWN

A, v 10 LATCHED UP 10126 104 2F'ADOU

C. DIECTRIC BREAEIJDiUR

1). DEFECT IN DIOLLO(FRICSI Z
A. v;. LATCHED UP I141000 -DO

8. OPEN STRIPE OR 5,iGkTEE, JUNCTION
C. [EECTRICAL OVERSTRCSS I
0. TEST ERROR J -.

kANLILIM FAII AMES-NOT ANALYZED IN DETAIL _____j

A. V 1 AVID F5RR (RECOiERU. UPON -16
1*10100

C. NOR L

lMAL NAIMIRE OF FAILLED PAPTS 33 j 2 4 j .30 U.IERR(IIIL [IE)- - - .

0 f 125L ONES.
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TABLE 18. MIL-M-38510/1O01 4 (LMIO8A) FAILURE ANALYSIS SUMMARY

A. FAILED PARA1MTERS OF ZYY9TOMS QUANTITY OF FAILURES AND TIME OF FAILURE (HOURS) BY TEST CELL

@. FAILURE MODE [ MAJUFACTURER 8 MANU IUFACTURER A

C. FAILURt SICIIAN1SM S-EP ACCELERATED LIFE STE' ACCELE.RATED LIFE

A. CAUSE OF FAILURE STRESS C 2 STRESSi175"C I ?.W*C 1 25%C 1 75*C 200*C JZ25%(

A. V t AND/OR Avs 10125*C 1001 14(04 1804
2. CHANNEL CURRENT FROM R7 TO THE 1@150*E 1@2 3@8 108

SUBSTRATE 1@175'C 4@4 2064 1016

C. INVERSIO OF THE R7 RESISTOR TUB 0225"C 206 2@128 I106

0. MOBILE IONS OR CHARGES IN THE 1016 3@)000 3@.20

PASSIVA"ION 30500 3*01000 10250

401000 250

1810100 2000
- * lw _1 .,

A. V .0 tATCHED UP 1'6000 1025% 1ts

A. NELTED STPIPES AND SHWRT,'D JUNCTIOMS 2@2000 4@500 304

C. THERMAL. RUKAMY Ar Q6  1404000 401000 30128
D. UINKNOWN I000'.,0 I ,,:S>

3@4000 15D00

301000

292000

304000

A. AVS 191 1@500 201000

S. NOT DETERMINED (RECOVERED) I10 162000

C. gJRFrAC. INSTABILITY 2010D0U3 1040oo

0. fORPABL', IONIC CONTAMI4NATION 1,2000

A. 10 MDID/OA 1to 101 1@6 12 104 1036

S. PR•MLYV DEGRD.• ED INPUT TRANSISTORS 10128 10-00 1632 1016 20128

C. PROBABLY CHARGE ACCUMULATION 1C64 1@64

D. TEST AJNOMALY (STATIC OISCHARGE)

•,W2" FAILURES AND RAMDOM FAILURES - ftOT ANALYZED IN DETAIL

If ¥I0 0 +125C 0NY 104000 104000

A. 1io 0 A* 125% ONLY 104000

A. 
1
os (-) (RECOVERM11 WHEN LEFT ON TIEST) in

0TALT •aM.ER OF FAILED PARTS - 4 28 29 ?9 0 17 17 26

NITES: 0 +125*C ONLY. 0 e -55'C OINLY,

54



TABLE 19. MIL-M-38510/10701 (LM109) FAILURE ANALYSIS SUMMARY

A. fAIL: PIL RA"EILRS OR SYMPTOM4S QUJANTITY Of FAILURES AND TIME OF FAILUPE (HiORS) BY TEST CELL

B. FAILULRE ODE ACCELERATED LIFE

C. fAILURE MECIiA.NISM PANUFACTLMER . PANUfATURER B

D. CAUSE OF FAILURE 20(}C 225C 2501C 2001C 225'C 250%

A. MfIN PIN 1).,OQ 0 164 2,50

B. LIFTED WIRE BUNG AT TInL POST I1, O1
C. KINKLNIALL VOIDING IN AuAI2  _

IU. EXCESSIVE AuA2 _GROWTH DURING BONDING _

A. OPEN PIN I ON 3 I@2000 1 I I
0. BROKEN EXTERNAL LEAD

C. e'NCIABNICA.L OVERSTRfbS

D. MISHANDLING

A. (OPEN PIN 3 IM0D 1A121

B. BROEMN EXTERNAL LEAD

C. AV LEACI1NG
0. TIN SOLDER

A. Alsc0 [13) 24 1@16 254 WO

B. MORE 1064 1016

C. NORNE WRTUEJOOD

0. INITIALLY FAILED OR MARGINAL -

RARNDOf FAILURES - NOT ANALYZED IN DETAIL

A. V OUT (4] (ONLY MARGINALLT FAILLO) I ] I

TOTAL NUMUR Of FAILVU PARTS 3 2 4 3 3
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TABLE 20. MIL-M-38510/10201 (723) FAILURE ANALYSIS SUMMARY

A. FAILEU PARAMETERS OR SYWiTOMS qUANTITT Of FAILURES AND TIME OF FAILURE (HOURS) BY TEST CELL

6. FAILURE MODE ACCELERATED LIFE

C. FAILURE MECHANISM -,ANUFACTURER U MANUFACTURER C

D. CAUSL Of FAILURE 150C 175% 200%C 1so1c 175*C 20*C

A. ISCD 6200O

a. NONE

C. NONL

D. IEST SET DRIFT

A. VRE. OR VAR LIKE (1) + YR LOAD [43 S -*55C 24D000

C. NONE

A. NONE1@D. FRORALY AN INTERMITTENT TEST SOCKET

A. IO ~
. •T DETERMIhED 1K•,4

C. SURFACE INSTABILITY + IRITIALLy MARGINtAL

D. 4OSILE CONT&M4IVNT IONS

RANDOM FAILURES - NOT PJiALYZEv IN DETAIL

A. vR LINE [13 (ONLY MARGINALLI FAILED) 1......... 140001
TOTAL NUMBER OF FAILED PARTS 00 00 3__ .

56

I



TABLE 2.1. MIL-r4-38L]1ý/1o1o4 (LM111) FAILURE ANALYSIS SUMlMARY

A. FAILEDJ PAMUPIRS M SrjATriS OF FAILURES AKTO TIME W~ FAILURE (I1,-S) BY TEST CLLL

I. FAI]f HO iX MAII.ACTURER B NAflUFACIMffP V~

1. fA ILUPL Pf CIIA.15S; STIP ACCELERATED LIFE STT? ACCELERATED JIi

D.0 CAUSE LP' jk(k 200'C 25'C 250%L

4. IUh (IN0 MIDOTO 1#4 10276%j 1012 12916 f

C. Ilk%$IO4 A OFTit BASE Of Q4 1@64 WSA
4  

t4~l2j 3132

DI. PROBABLY Ic*HIC COXTAM4.I4TIWI, 201000 %156 402S6 16255

MOO4F 30SOO MOD0
Meb Ock 20@1000 209101r0

A.1 @5*C I'lls 3414 1@2001c

1. WSALE INFSTABILITY A140 B'JLK-AECATED 12('590 1032 5032 106D0

OtVN1ý5601000 4%54 1"54

Dj. F OAQ OM L T I O NlIC (o xr~m iN A T IO N 
7 01 2 8 12e ,i

- OD190 301000

A. 11 2@7*

e. "AdE

C. W-411,

A. 1 19128 1 Ai

6, IsTTASDLU Q15 CUsLIFCTUA - SL18SIJIATI 0

C. PFUSMILY IFIYLPSIP Li T4 CUiLECTOIS

Dj. tPAIIMALY LATl Ots AMAMI4AIION

-1/6% (MV IAILURES Alit, kAMDITI IAITJRCS NOT AXALYZEr) INl Cf AIL

It. IBEC M VLREDJ 1@128 1 00

A. AWL 0 *12bC W*.V 4010001110(

A. V L(30] 10100)

TOTAL IU9~CR Of fAILIEO PARTS 6 29 3~ 354 329 34



8.0 DATA LVALUMiIONS AND CORRELATIONS

Evaluations and correlation of the data generated during the program were

performed to determine device aging characteristics. Tnis was accomplished

through comparisons of the types of failure modes observed in each test, plots

of failure distributions, Arrhenius model evaluations, and calculations of use

temperature failure rates. The determnination of failure distributions,

Arrhenius model pdrarneters, and usc temperatu-e failure rates geneieally,

followe.d pblished techiiques, [21, [3], and [4].

8.1 FA1-AR' _MECHANISM IDENTIFICATION

'The types of -Fi Iure mechani sms gent- rted f cr each dev, ce type duj iring

step-!ýtress and accelerated life test~sng are s- '"riarized in Table ?2. -, ýe

First three mechar~isnit (inversion of an N-type tub, collector or hase, deple-

t-:or or inversion of a P-type base, and surface instability mechanisms which

could not be traced to a specific inechanism) are all surface related mecha-

nisms. Tnese surface related mechanisms accounted for, 75% of the total number

of device failu~res. The second largest group of failures (&%) was attributed

dependernt but the cause of this dependeicy could not be determined. Only a

small percentage of devices (approximately 1% for each mochanism) failed due

to dielectric breakdown (oxide related), Kirkeiia~ii voiding (wire bond related),

and gold leaching (package related). The failure me,-nanisris for a cmall

percentage (3%) of the failu?es are classified as unknown hqcause either the

devices had recovered before the fail-ir '-.chanism cfould be established, or

the devices were not investigated SincL ~ne devices exhibited only a single

margirally out-of.-tolera,,ce parameter, or a single parametric failure at 1250C

only, or a random isolated type of failure.

A surmmary of the types of defeCts observed and the suspected defect

causes is shown in Table 23 for each manufacturer's device type. The absolite

cause of failure could not be positively determined in many cases, consequently

many of the failures idientified as process-*related may ultimately or indirectly

involve the design or, materials of the device. Nevertheless, the failures
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TABLE 22. FAILURE MECHANISM SUMMARY

I

I LMJ 18 LMIOBA 723 LMI09 O 111I I

FAILURE PECHANISM M1FRB ? C I F RA WR 8 R ff D W 1 9#R Dfl MFFB IR WB P~0

10.1 NO. NO. % . NO. 'T o !No. ~.NO. % No0. % NO. 2 NO. A

1. INVERS:ON OF N-YPE TUB, 93 9 2 10 86 96 67~ 81 7
2.OPLETION OR 1NVEkSION 2 2 4 1 11 93 9!

OF ?-TYPE BASE

3. SURFACC INSTABILITY 10 17 67

4. THEH:.IAL RUNAWAi 7 371 62

5. DIELFCCRIC BREAKDOWN5 23

6. IfRT'KNDALL VOIDING 45

7. Au LEACHINC 2 22

8. STATIC CHARGE 9 15 4 4
ACCUMULATION

9. MCCHANILAI. OVERSTRESS 22 1 11

10. ELECTRICAL OVERSTRESS 1 1 2 10

ll. NONEF (TEST SET ERROR) 7 8 8 100 0' 89 2 2

fi1. UNKNOWN 1 5 4 6 1 1133 111 810 3 3

" "OTA 3 100 21 100 60 90

ASpecific Mechanism 'Inknown
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TABLE 23. DEFECT/CAUSE SUMMARY

hUMBER OF FAILED DEVICES

PRIMARY OEFECTS f1•Im CAUSES LM1It T LM!Q8A 7Q'3 L.M109 7 LMII)

SFR a I 1R C M-R A hFRB WRC WR D M tFRB M R T 0R B KR D

ýDEFECT SATEOPY
1. SURFACE PEI.ATED 85 r 0 2 j 0 73 88

2. OXIDE RELATED 00 0 6 0 0 0
3. WIRE BOND RELATED 0 0 o , 0 0

4. PACKAGE RELATED C, 0 (1 0 0 0 2 0 0 0

5. ELECTRICAL OVERSTRES S0 0 0 0 0 0

2.DESIGN RELATED 0 0 0 0 0 0 0 0 0 I

5 TEST RELAT:R 8 09 4 L 2 2 0

6. UNKNOWN 1 C 1 0 m

L LL ._ .... __.... _......

r ......



attributed to process-related problems probably can be reduced by a tightening

of process controls.

8.2 FAILURE TIME CALCULATION

The failed devices exhibited out-of-tolerance parameter values or, in

some cases, catastrophic failures. Thus, the parametric data was examined for

time dependent degradation and, where feasible, interpolation methods were

used to determine the actual device failure time. Where the interpolated

failure times were gathered about the measurement times or where toe device

failed catastrophically, the midpoint between the last two measurement times

was used as the estimated failure time.

8.3 FAILURE DISTRIBUTIONS

Distributions of the times to failure were determined for each manufac-

turer's device type whenever sufficient failure data was available. The fail-

ures due to test-set related problems, and those failures that occurred only

at 12500 and -550C were not included in these analyses. In all cases, the

failure time distributions were assumed to be either single lognormal distri-

butions, or bimodal distributions that could be represented by two lognormal

distributions. The bimodal distributions were represented by two lognormal

disLributions [6], an early cdistribution of failures (freak), and a later

distribution of failures (main). This bimodal failure distribution is

- exp (lnt'-2 ) at'? (V)
Cdf {lfOITOTAL IT F0J I F

(l1)

t 1-
where

F in (median life of the freak distribution)

OT =standard deviation of the freak distribution

ýM = ln (median lift of the main distribution)
af = standard dEviation of the main distribution
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%F = the percentage of the total population that is described by the

freak distribution

%M = the percentage of the total population that is described by the

main distribution

t = use time

The bimodal distribution was fitted using a graphical method [34], [4].

Then the graphic result was used with equation (1) and the calulated probabil-

ity was compared to the test probability at each failure time. From this

starting point the values of the unknowns in equation (1) were iterated and

the probabilities compared until plots of the resulting equation appeared to

provide a good representaticn of the observed data.

8.3.1 LM118 Failure Distributions - The primary failure mechanism for Manufac-

turer B's LM1J8 devices was inversion cf a resistor tub, most orobably caused

by either the separation of mobile ionic species in the fringing field of the

reverse biased junction, or electron drift in the fringing field along

defects in the giass/insulator interface. Also inciudee in the failure dis-

tributions were failures due to inversion of the collector-base junctior of

an input transistor and failures due to depletion of the base region of an V
input transistor. Both mechanisms are suspected to be caused by mobile ions

or charges in the pa7sivation layers. The failure distributions for these

surface related mechanisms at each test temperature are shown in Figure 21. A

bimodal distribution is indicated but the data was only sufficient to determine

the main distribution median life at the highest test temperature (175 0 C),

Even for this temperature, there are only a few data points, arid the actual

failure distribution of the maiin population cannot be accuracely deterined.

Only a small percentage (16.5%) of Manufacturer C's L'.II8 devices failed

and the failures were divided into the following time-tenperature dependent

mechanisms: a) inversion of an input transistor, b) depletion in the base of

a transistor, c) thermal runaway at C1, and d) dielectric breakdown in a

capacitor. There were insufficient data to permit a valici evaluation of the

Manufacturer C faitune distributions.
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8.3.2 LM1OSA Failure Distributions - The primary mechanism of failure for

Manufacturer B's LM1OBA devices was also channel current from a resistor to

the substrate due to inversion of the resistor tub. The most probable causes

of this mechanism were the same as those previously meŽntioned for Manufacturer

B's LMIlL devices: either the separation of mobile ionic species in the

fringing fieid of the reverse biased junction, or electron drift in the

fringing field along defects in the glass/junction interface. The failure

distributions for this mechanism are shown in Figure 22. The distributions

are bimodal and the freak population accounts for approximately 65% to 70% of

the total population.

The primary failure mode for Manufacturer A's devices was thermal runaway

of PNP transistor Q6. Several devices also failed the gain test (Avs), but

these devices were left on test and most of the devices recovered. Three of

the gain failures later failed at the 2000 hour test point due to thermal run-

away and are included in the failure distributions. The other gain failures

are riot included, since the gain measurements are not representative of actual

gain, and are not necessailly inidicative of failure, as was discussed in

Section 4.0. Tie failure distributions for the thermal runaway mechanism are

shown in Figure 23, and are single lognonral distributions. Although thermal

runaway would normally be con!.idered a temperature dependent only mechanism,

the failure distributions do indicate a time-temperature dependency. The
exact cause of this dependency was not established, but is probably linked to
the bulk degradation of the emitter of Q6.

8.3.3 LM1I. F-i`,ure Distri-butions - The majority of Manufacturer B's LMill

failures were due to excessive I10 and the failures, were attributed to two

mechanisms, a surface related (reversible) mechanism which predominated at

200'C and a bulk reloted (nonreversible) mechanism which predominated at 225'C

and 250'%. Also inclUded in the failure distribution piots were the two other

surface related me-chanusms, inversion of the base of an input transistor, and

inversion of the collecvor region in an output transistor. Both mechanisms

were probably caused by ionic contamination in or on.a.passivation layer. The

25%C collector gain (Avc) failures were excluded from the distributions; due
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to the nonlinearity of the gain measurements. The resulting failure distribu-

tions shown in Figure 24 indicate single lognormal distributions at each test

temperature. The difference in standard deviation (sigma) between the 200%

plot and the higher temperature plots supports the failure arL~ysis findings

suggesting different mechanisms predominating at those temperatures.

The primary mechanism for Manufacturer D's LMII1 devices was an inversion

of the base of an input transistor, a surface related mechanism most probably

caused by ionic contamination in or on a passivation layer. Also included in

the failure distribution plots were four 110 failures due to the surface

instability and bulk mechanism discussed above. The failure distribution

plots indicate a bimodal distribution at all test temperatures as shown in

Figure 25.

8.3.4 LMI09 and 723 Failure Distributions - Insufficient failure data was

generated in the accelerated life tests of both the 723 and LM109 devices to

permit evaluation of the failure distributions.

8.4 AGING CHARACTERISTICS

Sufficient multiple temperature data was generated during the accelerated

life tests of the Manufacturer B LM118 and both manufacturers' L[M108 and LM111

devices to evaluate aging characteristics for theýse device types. The

Arrhenius r-eaction rate model [4] was found to provide a good representation

of the aging characteristics for the freak and main device populations, and

was used to relate median lifetime and junction temperatures as follows:

t 5 0 % A exp E) (2)

where

t 5 0% = freak or main population median lifetime at a junction temperature

A = A constant

EA = Experimental activation energy - eV

k = Boltzman's constant - 8.617 x 10-5 eViKelvin

T = Absolute junction temperature - Kelvin
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The linear transform of this equation is

In t = In A + LA (3)

The transformed Arrhenius equation was evaluated using a linear regression

analysis that assumes the junction temperature is a known value and In t 5 0 % is

the only variable [7], [5].

8.4.1 Manufacturer B's LMI18 Devices - The Arrhenius piot for Manufacturer

B's LM118 freak population failures is shown in Figure 26. The activation

energy was calculated to be 1.24 eV for the surface insLability mechianisms

responsible for the failures. The freak population consisted of approXimately

72% of the sample size. There was insufficient data to calculate the main

population activation energy.

8.4.2 Manufacturer A's LM1O8A Devices - Sixty-two percent of Manufacturer A's

LM1O8A device failures were attributed to thermal runaway at the Q6 transistor.

At elevated temperatures the current in the transistor reached excessive

levels, resulting in catastrophic damage to the device. Normally this would

not be considered a time-temperature dependent mechanism, but evaluation of I
the failure data indicated that the failures were time-temperature dependent

as shown in Figure 27. The activation energy for this mechanism was calcu-

lated to be 0.61 eV. I

8.4.3 Manufacturer B's LM108A Devices - Manufacturer B's LM1OA time-tempera- I
ture related device failures were due to inversion of a resistor tub. The

Arrhenius plot for this failure mechanism is shown in Figure 28. The activa- I
tion energy was calculated to be 0.6.1 eV for the freak population and 0.49 eV

for the main population. Both these activation energies differ from the 1.24

eV activation energy calculated for the Manufacturer B LM118 freak population -

with a similar failure mechanism. The failure mechanism in both devices, was

suspected to be either separation of the mobile ionic species in the fringing

field of the reverse biased junction, or electron drift in the fringing field

0
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along defects in the glass/junction interfcc,. Thus, th,l Oifftrence in acti-

vation energies is pSossibly due to one mechanism predominatir.g in one device
and the other mechanism preoominating in the other device.

8.4.4 Manufacturer B's LMill Devices - The Arrhenius plot shown i.- Figure 2S

i for the bulk failure mechanism which predo•inated at the 225%C and 25C4C

temperatures. This mechanism exhibited an apparent activation energy of 0.10 2V,
Also shown on the plot is the median life of the 200(C tailurtts which were

attributed to a surface related mechanism. Since no 200%6 life test failures

were ictributed to the bulk related mechanism, thc, Arrhenius plot for this

mechan'sa should not be extended below 225°C. however, the exact nature of

both thd bulk and surface related mechanisms could n(,t be determined, and it

is possible that the two mechanisms are related. Therefore, as a means of

.?stablishi:g a cons.ervative estimate of use.temperatLre failure rates. the

Arrhenius pict has been exterded below 225%C.

8.4.5 Manufacturer Dr IM111 Devices - The freak population accounted for an

aw;-,age of 28% of Manufacturer D's [M11i devices and exhibited an activation
ericrgy of 0.74 eV as shown -in Figure 30. The main population exhibited a very

low ectivw-cion energy of 0.01 uv. This indicates a non-tempeiaLure dependent
fai Iur 1uech-,! ifs. Ac, ,ximately 50%' of the failures due to this meenanism

occurrei be••wee the 500 ard i000 ho6 r measurement points at eacfi test temper--

ature. -.-, Ie calcul ated mnai ai lifetimes of the main population at each

test tenpe, aturr rere aiI approximately 600 houos. AT, examination of the

parameter drift dara was made in an effort to dteriine the reason fjr trwIs
low activation energy. The value Of the fail nm parameter (V10 ) was plotted

versus test time as shown in Firjure 31. It was noted tliat the parameter value

would sometimes increase if the device were left on bias at 2 5C(. for a period

lowiier than 24, fours prior to bermg Li)"tvtica iy 1--.Qted. Howevt-r, the overall
drift of [he devices does appear to hýe ndpcdent r! ter',erature. Ine fail-
ure analysis of the devi ces de-terrn 4 neu m,,.t the mu, i, ni 'w .vs bake recovorablo
and that the failures were ,• to a g.'" .;,sm.tch in che iput transi stors,

most probably ciused by ion!c cont.rn,.'ation. ibis r-echanlism is renera, ly

time-temperature dependent, but there were ,io other anomalies that would

account for the temperature iridependr;rit nature of th.. failures.
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8.5 FAILURE RATES

Use-temperature failure rates were calculated using the values shown in

Table 24 for Arrhenius model parameters (cont,, it "A" and activation energy

"EA") average value of lognormal distribution standard deviation and

percent freak and main population. The failure rate for a single distribution

is defined as [9]

x(t) !W (4)

where

X(t) = the instantaneous failure rate at time

f(t) = the failure density at time t

R(t) = the reliability at time t.

Also, a lognormal failure rate for a single distribution is defined as [1]0

-1 exp (in t V)2Z
t ;_2 2j (5)

A7• It p. .t~ .2 dt'"

where

.P= In (median life)

O= the standard deviation.

Assuming that an Airhenius equation defines the median life a.t a junction

temperature provides the following temperature dependent, lognormal failure

rate:

I (In t - (In A 4 E A k T)]?

~(tt 0 ex -2a2_______ (6)

1J I [ Ir V'- (In A + EA /k T1)]2

4
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r!
For a bimodal distribution consisting of two lognormal failure rates, the

total failure rate is defined as

x(t)TOTAL = (t) freak (% freak) + (t)main (% main) (7)

These techniques were used to calculate the maxhmum instantaneous failure

rates shown in Table 25 Comnarison of the 125°C and 50°C failure rates

illustrate the value of junction temperature derating to achieve improved

failure rates for the predominant failure mechanisms. Additional factors for

secondary failure modes must be included in the total device failure rate

prior to using the failure rates For reliability estimates.

The failure rates shown are for device junction temperatures of 125%C and

50%. The failure rites are based on the predominant failure nechanisn

for al' devices. The devices were burned-in by the manufacturer for 168 hours

at 125'C. The specified additional hours of 125% burn-in shown in Table

25 would be required to eliminate 99.9% of the freak population. Removal of

99.9% of the freak population can be assumed to constitute removal of all

freak devices. An. additional 271 hour burn-in at 225%C for Manufacturer 3's

IM1O8A devices would result in an improvement in failure rat2, but would

eliminate 22% of the mair popul-ition, and since Lne freak population consisted

of 68% 3f the sample, this would result in 75% of the devices being removed.
An additional burn-in of 30 hours at 175% would remove the freak population
6c Manufacturer B's LM118 device, but there was insufficient data to evaluate

the main population failure rate. Also the freak population accounted for 72%

of the sample size. An additional burn-in for Manufacturer D's LMIII device

would actually increase the failure rate due to the fact that the median

lifetime of the main population is actually less than the freak population at

tcni,p eratures less than 150'C. Additional burn-in for those devices which

exhibited a single lognormal distribution would not resuit in improved failure

rates without sacrificing a high percentage of the total population. In

general, additional burn-in is not recommended since either it is not cost

effective, or the failure rates cannot be greatly improved.
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TABLE 25. FAILURE RATE SUMMARY

MAXIMUM INSTANTANEOUS FAILURE RATE IN 1O• HOURS
OF USE TIME (FAILURE/HDUR)

BURN-IN
WITHOUT BURN-IN W!TH BURN-IN CONDITIONS

DEVICE WFR TIME T

i25oC 5_oC 125c 500C (HRS) (0 )

iMIO0A A d.02 x 10-5 2.Z7 x 1-/ - - -

LM]O8 B 8.44 x 10' 1.94 x 10-3 1.78 x 10. 6.52 x 10-0 271 225

LMI18 B 1.22 x 10"I 2.69 x 10- - 30 175

LM111 B 7.77 x 10-3 3.93 x 10-3-

D 2.14 x 10-3 1.35 x 10- 3  1.89 x 10-3 1.73 x 10-3 201 250

NOTES:

A SINGLE LOGNORMAL DISTRIBUTION, ADDITIONAL RURN-IN NOT RECOMMENDED.

IN•SUFFICIENT DATA TO CALCULATE MAIN FAILURE RATES. SRATES



9.0 CONCLUSIONS

rhe results of this study indicate thaL 1inear microcircuit manufacturers

have the capability of producing high reiiabi-ity devices which would be

acceptable for use in military applications. Also the MiL-M-38510 specifica-

tion for testing the linear devices studied in this program appear adequate to

fully electrically characterize the devices. However, there were differences

between the same device type from different manufacturers and between dif-

ferent device types from the same manufacturer. These differences indicate

that tighter controls over both the electrical testing and the manufacturing

processes are necessar to produce high reliability devices.

Although the devices were procured as capable of meeting the MIL-M-38510

specifications, several of tne devices failed to conform to al of thk test

specification limits. Initial electrical failures were a minimum in the one

JAN qualified device, but wEre numerous in all other devices. In most cases

the parameter end-point limits were expanded to obtain a sufficient number of

devices for further evaluations. With the expanden limits, as many as 33% of

d pdrtlCula manufacturer's devices failed initial electrical tests. Although

many parameter end-point limits had to be expanded, the MiL-M-38510 electrical

test limits are adequate with the exception of the LMI.1I device. Each

manufacturer's device failed different electrical parameters, and not all

devices from a particular manufacturer failed a specific electrical parameter,

indicating that the MIL-M-38510 electrical test limits were capable of

being met.

Information obtained in testing the LM1II devices indicate the current

MIL-M-38510/10304 (8 March 1977) is in need of revision. With the LMIll

devices, the static arid dynamic test circuit was impossible to stabilize.

Several attempts to construct the MIL-M-38510 test circuit resulted in severe

oscillations in the device under test. Attempts to reduce these oscillatio;ns

for a particular parameter test only produced worse conditions for other

parameters. The devices were eventually tested with two separate test

fixtures, each of which was specially designed to dampen oscillations for

specific parameters without affecting other test results. Due to oscilla-

tions, several tests were not performed with either fixture, including all
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tests required al -b55oC. It was beyond the scope of this prograTm to further

investigate the oscillating LM111s because the oscillations may have been

partly or entirely the fault of the particular devices available at the time

of procurement.

Revisions are necessary to some of the MIL-M-38510 specifications due to the

nonlinearities of the gain of the operational amplifiers and the cornpar-

ators, and the instability of the comparators. Linearity in the gain measure-

ments can be increased by reducing the load current during the gain tests. It

is further recommended that the emitter gain tests for the comparators be

deleted due to the instability of the part in this configuration. Minor

revisions to the specifications should also be made as detailed in section

5.4. With the above exceptions, all remaining MIL-M-38510 specifications/

methods are adequate to electrically characterize the devices evaluated in

this report.

Maximum temperatures at whi!h the linear microcircuits would operate

satisfactorily during accelerated life tests were widely dispersed for the

devices evaluated. Particular maximum temperatures varied for device types

within the same family (LMI08A and LM118) and also varied for different

devices fabricated by the same matiufacturer. A maximum temperature of 175 0C

was utilized for the LM118 devices, while a 250'C maximum was utilized for the

LM109 and LM111 devicesý During life tests, the output voltages of several

device types were different from the voltage levels.which would be present had

the devices operated in the -55 0C to +1250C temperature range. Devices were

either thermally biased (LM108A and LM111) or the outputs were suppressed by

thermal protection networks within the die (LMl09). It is believed that

thermally biasing operational amplifiers and suppressing the output voltages
of the regulators represent valid accelerated life test conditions. There-
fore, the temperature at which thermal runaway occurs should be considered the

limiting factor in selecting life test temperatures, not the temperature at

which thermal biasing or voltage suppression occurs.

In procuring sufficient good devices from a single manufacturer some

devices which failed initial electrical tests were returned for replacements.
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Date codes on the replacement devices were different from the date codes

on the original devices indicating the devices were from different lots.

Although subsequent construction analysis noted no diffe-ences, the replace-

ment devices exhibited parameter failures different from the failures of the

initial devices. Lot to lot variations in linear devices were not determined

in this contract due to limited sample sizes, but these variations should be

considered in reliabiltiy e~aluatior.s.

The failure rates for the operational amplifiers (LM1O8A and Manufacturer

B's LM119) ranged from 1.22 x 10"I failures per hour to 8.02 x 10-5

failures per hour. The failure rates for the comparators (LM111) were in the

I x 10- 3 failure per hour range. The failure rates indicate that these

particular devices would not be acceptable for most military applications.

Also, additional burn-in would not reduce the failure rate for these devices.

The voltage regulators (LMI09 and 723) and Manufacturer C's LMI18 operational

amplifiers exhibited too few failures during the 40CN0 hour life tests to

compute failure rates, but it 'is expected that these devices would have median

lives greater than 4000 hours when operated at lfe test temperatures, and could

be exrected to exhibit acceptable failure rates for military applications.

The primary failure mechanisms for the LM108A operational amplifiers,

Manufacturer B's LM118 operational amplifier, and the LM111 comparators

were surface related. As a group, surface related failure mechanisms

accounted for 76% of the total number of failures. Although, in many cases,

the absolute cause of the failure could not be positively determined, those

failures which are due to surface related mechanisms can be greatly reduced by

tightening prccess controls.
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CONSTRUC ION ANALYSIS

M38510/101 O0VBGC

nANUFACTURZR A

OPERATIONAL AMPLIFIER

DATE CODE 7543

A2



MfIPOUCIRUITCONSTRUCTIONi INFORMAT ION

S/N: 11I DATE CODE: 7643 DATE: 5/90/7

PART, )*AME: Operatiowsil Ampl ifier

MAr.'J:*A2,-TURFR'5 "ART NO..: 108A8838 MAhlUFAC1TUR[.R: A

GENER2.ý PART NO. : LMI OBA PACKAGE TYPE: F P1:1 Can

MIL2-,tARY SPECTI CATION r4j, : M3853j0/lOIO4BfGC

M.Pt.tKAGE OH?. 11.5 (Se-., Figu. e A';-)

Leao Material. Gr.ld Phited Kovar

lead Finish - kiterfl9': Gold Plate

- "xterna> S old Pia'c

-KdThrough: None

Header -llaterial -G&old Plated Kovar

Cap MaterielI: Gab-4 Plated Nttc(kel

Case Seal MethrI. ia: led

Lead Seal Materia'/f4,mc.d.nb Mat&~ed S3'lasF

B. ItIrERCOWNEGTlON DETAILLS {$ FigurA M-2)

Die Mounting Mac-iriaD GoIJ-Siý-licor E-.aectic

Interc~onnect Wi)re M~at'er-fal: Aluminum
Intercornoocc Wire O-iameler! 0.0012 inch

Longest Interconnect Wire Length. 0.086' inch

Wire Bond Type(s) Post: Ultrasonic. 'See Fiyure Al-4)
Die: Ultra~onic (Sacý Figure P.1-3)

C. DIE DETAILS (SJee Figure Al-6)

Passivation Type: Silicon Di1oxide

Glassivatilon Ty-pe. Vapor Deposited Gia.~s

Basic Die Constrttztion: Epitaxiall Planar

Wie Dinwsisions: 0.055 inc-h x 0.041 inch

Motalizatiou Typo: Aluminum

Metalizcatior. Thic~kiw~s: l 3,7'131A

Scribe t)e~ihod: tlechemical

Bond Pad Size: 0.00.7 inch x 0.007 inch

ccStripe Cross-Sectional Area: 1 3? x 10O 4cm x 4.65 x 7Or .3 0c
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D. ELECTRICAL SCHEMATIC

Since the schematic for Manufacturer A was not included in military specifica-

tion MIL-M-38510/10104, a s-:hematic diagram was obtained from ManufactUrer A. The

accuracy of this schematic was confirmed by a detailed microszupe examination of

the die af'or glassivation removal. The schemati.; was found to be correct. The

schematic is included as Figure Al-5 ana the die photograph with circuit elements

identified is incloied as Figure Al-5.
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C. COMPONENT DESCR)PTION

An examirnatin ol the die surface was conducted in order to determiine the

structure of each circuit element.

1. TRANSJSIORS (Transistors listed together share a comaon N type collector or

base tub.)

Vertical NPN Vertical PNP Lateral PNP N Channel J FET

Q16 Q6* Q23

Q2 0 Q19 Q9
QJ3 G® Q28 Q10

Q4(3 QIl

Q5 0 Q12
Q7 Q24

08 Q28

Q13*

Q14, Q34

Q15

Q) 7
Qi8

Q21

Q22

Q25, Q26

Q27*

Q29*, Q30*, Q31

Q32
Q33
* Diode connected transistor.

SSuper beta t-ansistor.

A9
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2. RLSISIORS

P _1YJ)e Squeezed P Type N+ Crossunders

RI thru R5 RG RxI -1hru Rx 3

R7 thru Ri5 Ri6

R17 thru R20

3. CAPACITORS

1OS Thin Oxide Over N+

Cl

The schematic supplied by the manufacuurer and the die itself contained a number

of circuit elements and bonding pads not connected in this device. These are

used to trim rffset voltage by ;electively zapping the transistors Q29, Q30 or

Q31. Shorting k"e removes R4 troin the circuit, shorting Q30 removes R7 and short-

ing Q31 removes 23 and R5 from the circuit. In the particula- part being e\alucted,

transistor Q30 hLd beer; zapped (see rigure Al-7) removing R7 from the ircuit.

At. attempt was made to examin2 in detail the construction of the super-beta

trdniStur'ý, Qi, Q2, Q3, it4,and Q5. Several devices were angle sectioned and

stained in an attempt to delineate the junctions. However all attempts failed to

define the base, as shown in Figure Al-8. A discussion with the manufacturer

revealed that the base is very near intrinsic dnL extremely difficult to show, They

stated it could be done7 with limited success using diFfra'tion in & scanning

electron microscope. This is beyond the scope of this ir.ve.tig,3tion and wa- not
attempted.

F. QUALITY OV WORKMANSHIP

The quality of workmanship is considered acceptable per MIL-SlD-883, Method

2010.3.

A10
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F LGUREAl-7 -TRANSISTOR Q31 W-ITH EM1ITTER [3AS[ SHORT

FIGURE A1-8 -CROSS SECTIION OF A TYPICAL SUPER BETA
TRANSISTOR
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CONSTRUCTION ANALYSIS

M38510/ 101 04BGC

MANUFACTURER B

OPERATIONAL AMPLIFIEK

DATE CODE 7608

Al2



MICROCIRCUITI CONSTRUCTION INFORMATION

S/N: 45 DATE CODE: 7606 DATE: 5/9/77

PART NAME: Operational Amplifier

MANUFACTURER'S PARTJ NO.: LHIO8AH/lOIO4BGC MANUFACTURER: B

GENERIC PART NO.: LM1O8A PACKAGE TYPE: 8 Pin Can

;4ILITAR/ SPECIFICATION NO.: M38510/11O04BGC

A. PACKAGE LETAILS (See Figure A2-I)

Lead Miaterial: Kcvar

Lead Fioiish - internal: Gold Plate

- External: Gold Plate

.. Feed Through: None

Header Material: Gold Plated Kovar

Cap Material: Nickel

Case Sea! Method: Weld

Lead Seal ilaterial/Method: MaLched Glass

B. INTERCONNECTION DETAILS (See Figure A2-2)

Die Mounting Mlaterial: Gold Silicon Eutecfic

Interconnect Wire Material: Aluminum

Interconnect Wire Diameter: 0.001 inch

Longest Interconnect Wire Length: 0.101 inch

Wire Bond Type(s) Post: Ultrasonic (See Figure A2-4)

Die: Ultrasonic (See Figure A2-3)

C. DIE DETAILS (See Figure A2-7)

Passivation Type: Silicon Dioxide

Glassivation Type: Phosphorous Glass

Basic Die Construction: Epitaxial Planar

Die Dimensions: 0.058 inch x 0.057 inch

MetalizatiDn Type: Aluminum

Metalization Thickness: 22,913A

Scribe Method: rMechanical

Bond Fad Size: 0.0047 inch x 0.0047 inch

VCC S-ripe Crcss-Sectionii Area: 2.29 x lO- 4cm x 5.59 x 10- 3cm =.28 x lObc-m

A13
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D. ELECTRICAL SCHEMAViC

An electrical schematic of the device was prepared by modifying the schematic

given in MIL-rA-33•I10/OlO04 .o conform to the actual circuitry on the die. The

modification re-ulted from a microscopic examination of the die after removal of

the glassivation and metalization. The coriected schematic is shown in Figure A2-5

and the oie photomicrograph with components identified is Figure AZ-6. The

schejiatic modifications were as follows:

1. The Ml-M-383I! 4 schematic included a resistor between the bases of

Q17 ad Q18 which is on the die but shorted by metalization and, therefore,

not used.

2. Two zener diodes D! and D2 added acr'oss a small portion of R3 and R7.

The modifications are indicated on the schematic by an asterisk (*.

Resistors R3 and R7 and diodes 01 and D2 require additional explanation. These

tesistors lave a small resistance path in serieswith the zener diodes. If the zener

diodes are zapped a small reouction in the total resistance of either R3 or R7

will result. A discussion with the manufacturer revealed that at one time these

wer.e usu tG audjUst offiset'.. Tie statUe.dLd" S u that ivy Fl loUgI- , find

necessary to adjust the device. The large circular pads over R3 and R7 were used

to make contact during the diode zapping operation.

Al16



101.14111COUPE0,13bO c~pM A TON

Itzo

* ~ ~ ~ ~ ~ ~ ~ ~ 2 Mo10ain o iLf-81/114shmt

FIUR 42- -*I'AI TAR

03 4 17 WIAli



V- .....

j~i

71a

t4I rý

Fi(1UIL A-b Dfl PH1OTOJGRAP H

TO 8



E. COMPONENT DESCRIPFION

The structure of each component was determined fro, examination of the die

surface.

1. TRArNSISIORS (Transistors listed together share & common N type collector or

base tub.)

Vertical NPN Vertical PN'P Later-l PNP N Channel FET

Q3 Q14 Q1* '19

Q4 Q27 Q2

Q5 @ Q30 Qll *

Q6 - Q7 Q12

Q8* Q1 5

Q9 QI6

Q1O®
Q13*

Q17*®DQI 7"®
Q-k8 C®

Q20

Q21

Q22

Q23

Q24®

Q25

Q26, Q23

Q29

* Diode cunnected transistors,

OSuper beta transistors.

A19



2. RESISTORS

P Type Squeezed P Type N Epitaxial

R3 R12 R21

R4 R24

R7 thru R11

R13 thru R17
R19

R20

R22

R23

R25

R26

Reference designations RI, R2, R5, R6 and R18 are n,'t u,.ed,

3. CAPACITORS

MOS plus PN un~ction

Cl

Capacitor Cl is a metal oxide silicon capacitor with a parallel

PN junction to increcse capacitance. Figure A2-7 illustrates the

constru~ction of this capacitor.

F. QUALITY OF WORKMANSHIP

The quality of workmanship is considesed acceptable per MIL-STD-882, Method

2010.3.
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CONSTRUCTION ANALYSIS

M38510/I01 O07BGC

MANJFACTURER B

OPERATIONAL AMPLIFIER

DATE CODE 7632
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MICROCIRCUIT CONSTRUCTION JNFORMATION

S/N: 82 VATE CODE: 7632 !'A[E. W/

PART NAME: Operationai Amplifler

MANUFACTURER'S PART NO.: LUll 8/1 0107BGC 'AUCfUL

GENERIC PART NC.: LM118 PACKAGE TYPE: '.Pn an

MILITARY SPETCIFICATION NO.: M38510/10107BGC

A. PACKAGE DETAILS (See Figure A3-1)

Lead Mater'ial Kovar

L~ead Finish - Internal: Gold Plate

- External : Gold Plate

- Feed Through: None

Hleader Mate:'i a] : Gold Plated Kovar

Cap Material : Nickel
Case Seal Method: Weld

Lead Seal Materilal/Method: Matched Glass

B. INTERCONNECIJON DETAILS (See Figure A3-2)

Vie Mounting Material: Gold Silicon Eutectic

interconnect Wire Material: Aluminum

Interconnect Wire Diameter': 0.00l inch

Longest Interconnect Wire Length: 0.077 inch

Wire Bond Type(s) Post: Ultrasonic (See Figure A3-4)

Die: Ultrason'Ic (See Figure A3-3)

C. DIE DETAILS (See Figure A3-6)

Passivation Type: Silicon Dioxide

Glassivation Type: Pn~oSphorus Glass

Basic Die Construction: Planar Epitaxial

Die Dimensions: 0.075 x 0.050 inch

[letalization Type: Aluminum

Metalization Thickness: 10,160A

Scribe Method: Mechanical

Bond Pad Size: 0.005 x 0.005 inch
v Strpe Crss Setionl Are: 1.0 x 1-4 c .7x1-VCC StieCosScinlAe:10 0c .7xlfcm 1~i
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D. ELECTRICAL SCHEMATIC

An electrical schematic Of the device was )ý'epared by modifyir.3 the schematic

given in MIL-M-38510/10107 to conform to actual circuitry on. the die. The

modification resulted from a microscopic examinatiul of the die with g.assivation

a.id i.metalizttion removed and from a metallurgical cross section. Tne corrected

schemdtic is shown in Figure A3-5 and the components are identified in the

die photograph shown ii (Figure A3-6. The schematic. modifications cons'st of the

following:

1) Added four diffused cross unders (Rxl - R X)

2) Addea -esistor (R26)

3) Added a diode connected transistor (Q39)

4) Added collector-base clamp diodes to QS and Q18

5) Added a small value metal over aubstrate capacitor (C4)

6) Changed Q31 from NPN to PNP

7) Changed JFET r-eference designatior to Q38 (to correct duplication of -umbers)

The chanq4es are indicated on the schematic with an asterisk (i).

3-
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E. COMPONENT DES,, P,,ON

From examirnation of the die sur.ac.e and the cross sectoroi s the structure u,

each component was determined.

1. TPANSISTORS (Transistors listed together share a cuihnmn NJ-ty1pe collector ')r

base tub.)

Vertical NPN Vertical ONP Lateral PPP N Channel IFET

Qi, Q3, QIl* Q23 Q13* Q38

Q2, Q4, Ql2* Q30 Q14, Q15

Q5, Q10 Ql C,

Q6 Q17

Q7, Q9 Q25

Q8 Q28

Q18 Q31
Q19
r30, Q21l

Q22

Q24

Q26, Q27, Q33

Q29

Q32"
Q3 4*, Q35

Q36, Q37*
Q39*

* Diode corected transistor.

A29



2. RESISTORS

Pjpe _Sjeezed P Tyre N _tjtaxial N+ Crossunders

RI R5 R2, 3 Rxl, 2, 3, 4

R4 RiO, 1i

P6 thru 9 Rid

RI2, 13 R20

R15 thu 19

R21 thru 26

3. CAPArITORS

MOf (thin oxideoverN +) MOS (thick oxide over substtate) :,oS + Ph Junctions

C2, 3 C4 C.,

The structure of the four capacitors and transistors Q38 and Q39 require further

discussion. Figure A3-7 is an etcheu metallurgica- l cross section of Cl, C2 and Q38.

Thu '4 channel junction field effect transistor Q,3S is a squeezed N epitaxial resitor.

"The channel region is composed of N epixýaxial silicor. The qa'e is composed of a

P type bAisu diiffusion (upper channel boundary), a deep P type isolation diffusion

(sidewall boundary) and the P type subdtrate >,wer boundary). The drain contact

of thý JFET is the N+ diffusion of the R14 squeezed P type resistoi- and tne

source contact is the N4 upper contact to R2.

Capacitors C2 and C3 are ntormal FIOS N+ capacitors except that the N+ diffusion

is preceeded by a P type b2.e diffusion. InC2, the P type diffusion is shortrd to

the N type tank via an N' diffusion and the ohmic contact as shown in Figure A3-8(a).

This contact is connected to an emitter of Q29 which results in a diode connected

transistor Q39 being addej to the schematic between Q29 and the N+ side of C2.

The complete eqcivalent c,-cuit for 02 is shown ir. Figure A3-8(b). InC3, all three

diffusions, the N+, the P typE aend the N tanz. are shorted together and, therefore,

no additional circuit elenw~nt exits.

C1 contains a P-N junction capacitor in parallel with a !4QS capacitor Lo increase

itL caparitance as shown in Figure A3-ýC(a). The P-N capacitor is part of the

MOS capacitor and use!;. a deep P" isolation diffusion, The equivalent circuit uf

tshis capacitor is show,. in Figure A3-9(b).
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FIGURE k5-7 METALLURGICAL CROSS SECTION (ETCHED) OF C2, Q38 AND) Cl

F. QUALITY OF WORKMANSHIP

The quality of workmanship is considered acceptable per MIL-STD-883, Method

2010.3.
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b) EQUIVALENT CIRCUIT OF Cl

FIGURE A3-9 DIFFUSION PROFILE AND EQUIVALENT CIRCUIT OF Cl
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1!CROCJIRCUIT CONSTRUCTION INEORMATOOli

S/N: 12 DATE CODE: ?651Q DATE: 5/9/77

PART NAME: Operational Amplifier

MANUFACTURER'S PART NO..: M38510/l1lOBG MANUFACTURER: C

GENERIC PART NO, LMIl8 PACKAGE TYPE: 3 Pin Can

MILITARY SPECIFICATION NO.: M38510/lOIO7DGC

A. PACKAGE DETAILS (See Figure A4-1)

Lead Material: Kovar

Lead Finish - Internal: Gold Plate

External: Gold Plate

- Feed Through: None

Header Material : Gold Plated Kovar

Cap Material: Nickel

Case Seal Method; Weld

Lead Seal Material/Method: Matched Glass

B. INTERCONNECTION DETAILS (See Figure A4-2)

Die Mounting Material: Gold Silicon Eutectic

Intercunnect Wire Material: Aluminum

Intercorinect Wire Diameter: 0.O011 inch

Longest Interconnect Wire Length: 0.128 inch

Wire Bond Type(s) Post: Ultrasonic (Sue Figure A4.-4)

Die: Ultrasonic (See Figure A4-3)

C. DIE DETAILS (See Figure A4-6)

Passivation Type: Silicon Dioxide

Glassivation Type: Phosphorus Glass

Basic Die Construction: Planar Epituxiai

Die Dimensions: 0.084 inch x 0.077 inch

'letalization Type: Aluminum

Tietalization Thickness: 41,988TA

Scribe Method: Mech.anical

Bond Pad Size: O.U07 inch x 0.007 iThch

VCC Stripe Cross-Sectional Area: 4.50 X 0l"ca x 1.93 x 10 3cm :2 9.90 x 10 Cill2
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FIGURE A4-1 -. PACKAGE PHOTOGRAPH
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D. LI.ECTPICAL SCHEMATIC

An elcctricai shematic of the dc-vice was prepared by modifying the schematic

given in MIL-M-38510/lOl07 to conform to the actual circuitry on the die. Tile

rio fication resulted from a-microscopic examination of the die after glassivatien

reribval and was aided by the previous study of the Manufacturer B device. The

corrected schematic is shown in Figure A4-5 and the components are identified on

the die photograph shown in Figure A4-6. The schematic modifications consist of

the following.

a) Added four diffused crossovers (,1 Rx2, Rx3, Rx4)

b) Added resistor (Rý'G)

c) Added a small value metal over substrate capacitor (C4)

d) Changed Q31 from NPN to PNP

e) Changed JFET reference designation to Q35 (duplication)

f) Added collector-base clamp diode to Q18

g) Changed input protection from 4 transistors to one dual emitter transistor

(Q34)

h) Removed connection between C2 ar~d Q26 base, R19

i) Added connectio;, between C2 and R20, Q07 emitter, Q32 emitter, Q?2 collectorm

Q23 base

Changes are indicated in the schematic with a7 asterisk (*).
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E. COMPONENT DESCRIPTION

From exarmination of the die sL'rface and the similarity betwnen this device and

the Manufacturer 8 version, the structure of each component was determined.

1. TRANSISTORS (Transistors listed togetier share a common N-type collector or

base tub.)

Vertical NPN Vertical PNP Lateral PNP N Channel JFET

Q1, Q3, Qll* Q23 Q13" Q35

Q2, Q4, Q12* Q30 Q14, 015

Q5, Q1O Q16

Q6 017

Q7, Q9 Q25"

Q8 Q28

Q18 Q31

Q19

Q20, Q21

Q22

Q24

Q26, Q27, Q33

Q29

Q32*-

Q34*

*Diode connected transistor.

AI
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2. RESISTORS

P.ype _Sueezed P Type _Epltaxial N+ Crossunders

I R5 R2 R I

R4 R10 R3 R X2

R6 thru 9 RI1 1 3

R12 R14 f 4

R13 R20

R15 thru 19

R21 thru 26

3. CAPACITORS

NOS (t!ick oxide over N+) MOS (hick oxide over substrate) MOS + PN Junction

C2 C4 Cl

C3 I
The structure of the four capacitors and transistor Q35 require further

discussion. The N-channel junction" field effect transistor Q35 is a squeezed
N-channel epitaxial resistor. The cha~nnel region it ... copsdo I-Ei-"xa ........ ...

The gate is composed of a P-type base diffusion (upper chatnel boundary), a

deep P-type isolation diffusion (sidewall boundary) and the P-type substrate (lover

channel boundary). The drain contact of the JFET is the N+ diffusion of the R14

squeezed P-type resistor and the source contact is the N+ upper contact of R2.

Refer to Figure A3-7 in Appendix A3 for a metallurgical cross section of the JFET

since Q35 is constructed identically to Q38 in the Manufacturer B device.

Capacitors C2 and C3 are also of the same construction as the same cý,pacitnrz

in the Manufacturer B device (Appendix A3). They are normal MOS N+ capacitors except

the N+ diffusion is preceeded by a P-type base diffusion. In C2 the P-type

diffusion is shorted to the N-type tank via an N+ diffusion and the ohmic contact

as shown in Fiyure A4-7(a)o -This contact is left unconnected in this device.

The equivalent schematic of C2 is as shown in Figure A4-7(b). In C3 tVe three

diffusions, the N+, the P type and the N tank are shorted together.

Cl contains a P-N capacitor in parallel with a MOS capacitor to increase it,

capacitance. As shown in Figure A4-8(a),, the P-N capacitor is part of the MOS

capacitor and uses a deep P+ isolation diffusion. The equivalent circuit of this
capacitor -is shown in Figure A4-8(b).
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C4 is formed by expending the ietalization connected to the Q9 base/R2

contacts whicli ad.' capacitance between these pcints and the underlyii'5 substrate

(V-).

F. QUALITY OF WOPKMANSHTP

The quality of workmnship is considered acceptable per MIL. SI.P.-883, Method

2010.3.
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: 51 DATE CODE; 7630 DATE: 7/8/77

PART NAME: Precision Voltage Regulator

MANUFACTURER'S PART NO.: 1438510/10201BIC MIANUFACTURER: D

GENERIC PART NO.: 722 PACKAGE TYPE: 10 Pin Can

MILITARY SPECIFICATION NO.: M38510/IO20IBIC

A. PACKAGE DETAILS (See Figure A5-1)

Lead Material: Kovar

Lead Finish - Internal: Gold Plate

- External: Gold Plate

- Feed Through: None

Header Material: Gold Plated Kovar

Cap Material: Nickel

Case Seal Method: Weld

Lead Seal Material/Met;iod: Matched Glass

8. INTERCONNECTION DETAILS (See Figure Ab-2)

Die Mounting Material: Gold-Silicon Eutectic

Interconnect Wire Material: Aluminum

Interconnect. Wire Diameter: 0.001 inch

Longest Interconnect Wire Length: 0.105 inch

Wire Bond Type(s) Post: Ultrasoric (See Figure A5-4)

Die: Ultrasonic (See Figure A5-3)

C. DIE DETAILS (See Figure A5-6)

Passivation Type: Silicon Dioxide

Glassivation Type: Vapox
Basic Die Construction: Planar Epita;ial

Die Dimensions: 0.057 inch x 0.048 inch

Metalization Type: Aluminum

Metalization Thickness: 22,811A

Scribe Method: Mechanical

Bond Pad Size: 0.0044 inch x 0.0044 inch

VCC Stripe Cross-Sectional Area: 2.28 10- 4 cm x 7.34 x 15 3cm 1.67 x lOf6cm2
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D. ELECTRICAL SCHEMATIC

An electrical schematic of the device was obtained from MIL-M-38510/'0201

(Circuit C) and compared with the actual die configuration. The die layout

agreed with the military specification schematic except for one area. Transistor

Q14 shuwn in the schematic as a single emitter transistor% actually has two emitters

tied together and transistor Q18 is not connected in this device. The corrected

schematic diagram is included as Figure A5-5 dnd a die photomicrograph with circuit

elements identified is included as Figure A5-6.

E. COMPONENT DESCRIPTION

From examination of the die surface, the structure of each component was

determined.

1. TRANSISTORS (Transistors listed together share a comnon N-type collector or

base tub.)

Vertical NPN Lateral PNP N Channel JET

Q4, Q5, Q14, Q17* Q2*, Q3, Q7 Q8 Q1

Q6, Q19

Q9

Ql3Q12, Q20

Q13

915, 916
Q18

* Diode connected transistors.

r2.REJISTORS

P jTe Squeezed P Type N+

Ri, R2 R3 R13

R4 thru R6 R7 R14

R8, R9 RIO

R1l R12

RI5 thru R18
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3. CAPACITORS

MOS (thin oxide over N+)

Cl

F. QUALITY IF WORKMANSHIP

The quality of workmanship is considered acceptable per MiIL-STD--883, Method

2010.3.
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: 51 DATE CODE: 7649P DATE: 2/8/77
PART NAME: Precision Voltage Regulator

MANUFACTURERýS PART NO.: 723H1MB MANUFACTURER: C

GENERIC PART NO.: 713 PACKAGE TYPE: I0 Pin Can

MILITARY SPECIFICATION NO.: M38510/IO20IBIC

A. PACKAGE DETAILS (See Figure A6-1)

Lead Material: Kovar
Lead Finish - Internal: Gold Plate

- External: Goid Plate

- Feed Through: None

Header Material: Gold Plated Kovar

Cap Material: Nickel

Case Seal Method: Weld

Lead Sea' Material/Method: Matched Glass

B. INTERCONNECTION DETAILS (See Figure A6-2)

Die Mounting Material: Gold Silicon Eutect,c

Interconnect Wire Material: Aluminum

Interconnect Wire Diameter: 0.0012 inch

Longest Intercornnect Wire Length: 0.162 inch

Wire Bond Type(s) Post: Ui-trasoric (See Figure A6-4)

Die: Ultrasonic (See Figure A6-3)

C. DIE DETAILS (See Figure A6.6)

Passivation Type: Silicon Dioxide

Glassivation Type: Silox

Basic Die Construction: Planar

Die Dimensions: 0.037 inch x 0-049 inch

Metalization TyPe: Aluminum

Metalization Thickness: 19,522A

Scribe Method: Mechanical

Bond Pad Size: 0.004 inch x 0.004 inch

VCC Scribe Crosst--,ectional Area: 1.96 x iO 4 cm x 2.26 x lW- 2 cnt- 4.42 x lO-cm'SAJ55
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0. COMPONENT DESCRIPTION

Sinc-e a schematic for hanufacturer C device is not included in MIL-M--385lu/IO201,

the closest eouivalert was selected (Circuit C) and this schematic was modified to

agree with the actual circuit determined from a microscopic examination of the die.

The actua'I schematk; is included as Figure A6-5 arid the die photcgraph with circuit.

elemIentS identified is included as Figure A6-6. The follcv.ing modification was

,rade:

1. Ti- resistor between Q3 collector and Q4 base does not exist and was removed

from the schematic,

The change is indicated on the schematic by an asterisk (*).

E. COMPONENT DZSoYRfPT:ON

From, exa•mnation ryf the die surFace, the Atructure of each component was

determi ned.

1. TRANSISTORS (Transistors IUsted together share a connon N-type cullector or

base tub.)

Vertical NPN Lateral PNP F Channel W)FET

Q4, Q5, 014, Q20* Q2*, Q? )l

Q6, Q19 Q7, Qd

Q0
Qi0

Q12, Q1.7

Q13
(315, 016

• Diode dnnnected tyansi-tor-
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2. RESISTORS

PTy• Squeezed PTj _e N_+

RI, R2 R3, R7, RIO, R12 R13, R14
R4 thru R6

RS, R9

RII

Ri5 thru R17

3. CAPACITORS

MOS (thin oxide over J+'l

Cl

F. QUALITY OF WORKMANSHiP

The quality of workmanship is considered acceptable per V.IL-STD-883, Method
2010.3.
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: 105 DATE CODE: 7432 DATE: 5/9/77

PART NAME: VOLTAGE REGULATOR

MANUFACTURERS PART NO. F78MO5HMQB MANUFACTURER: D

GENERIC PART NO: 78MO5 PACKAGE lYPE: TO-5

MILITARY SPECIFICATION NO: M38510/IO7O1BXC

A PACKAGE DETAILS (See Fig:.wre A7-1)

Lead Material: Kovar
Lead Finish - Internal: Gola Plate

- External: Gold Plate
- Feed Through: None

Header Material: Gold Plated Kovar
Cap Material : Nickel
Case Seal Method: Weld
Lead Seal Matzrial/Method: Matc-,4e Glass

8 INTERCONNECTIONS DETAILS (SeE Figure A7-2)

Die Mounting Material: Cold Silicon Eute,-tic
Interconne*:t Wire Material: Aluminum
Interconnect Wire Dianmter: 0.002 inch
Longest Int:ecconnect Wire Length: 0.097 inch
Wire Bond Type (s) Post: Ultrasorvic (See Figure A'-4)

Die: Ultrasonic (Sec Figure A7-3)
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C,. DIE DETAILS (See Figure A7-6)

Passivation Type; Silicon Dioxide
Glassivation Type: Vapox
Basic Die Construction: Planar Epitaxial
Die Dimensions: 0.074 inch x 0.069 inch
Metalization Type Al umin mrn
Metalization Thickness: 12,988A
Scribe Method: Mechanical
Bond Pad Size: 0.0066 inch x 0.0068 inch
Vcc Stripe Cross-Sectional Aree: 1.•OxO- 4cmxl.35xlO' 2cmr.l.76xlO' 6cmZ
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0. ELECTRICAL SCHEMATIC

An electrical schematic of the device was prepared by modifying the
schematic in MIL-M-38510/ltl. Schematic "C" for device 02 was selected
as being the closest match to the circuitry on the die. The corrected
schematic is included as Figure A7-5 and the die photomicrograph with
circuit elemerLs identified is shown in Figure A7-6. The schemacic mod-
ifications consisted of the following:

1. Diodes Dl and 02 of the military specifications were changed
to diode connected transistor Q20 and Q21.

2. Q5 emitter was connected to Q13 and the junction of R2 and R15.

3. R3 was changed to 3 parallel resistors.

The charges are indicated on the schematic diagram with an asterisk (*).
In addition there are nine unconnected and undesignated resistors since
this same die is used for a number of different voltages.
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E. COMPONENT DESCRIPTION

An exaniir~ition of the d~e surface was conductad after removal of the
glassivation and metallization in order to aetermine the structure
of each circuit element,

1. TRANSISTORS (Trarsistors listed together share a comnmon N type
collector or base type diffusion)

Vertical NPN Vertical PNP Lateral PNP

01 Q11 Q8*, Q9
Q2
Q3, Q4
Q5
Q6*
Q7
Q1.0
Q12, Q19
Q13
Q14
QI5
Q16, Q17
018*

021 *

"*diode connected tr&nsistors
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2. R EJ I iVOKS

P _t,ýRe
R! through RS

R1,0

M12 through R25

(,Ieferonce dcsionations R9 and Rl1 are not used in the
MIL-M-385'0/10702 schematic C)

RE The resistor designated REL represents a group of
paralle- enitter ballast resisto-s incorporated into
the lergz power transistor QI'7 to equalize the cu"-
rent di tribution over the full length of the
transistor. A photomicrograph of a portion of
transistor Qi7 after removal of ti'o glassivationr
and metalization is included as Ficiure A7-7. The
extra base type diffusions arcund tie emitter con-
tacts create restricted current paths to the
emitter cuntactor.

3. CAPACITORS

MO.I (thick oxide over N1

F. QUALITY OF WORKMANSHiP

The quality of viork-.man,,i-ip is considered acceptable per MIL-STfl-8S3.

-ethod 2010.3.
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: 43 DATE GODE: 7552 DATE: 5/9/77

PART NAME: VOLTAGE REGULATOR

MANUFACTURERS PART NG: LM1O9/10701/BXC MANUFACTURER: B

GENERIC PART NO: LM1G9 PACKAGE TYPE: TO-5

MILITARY SPECIFICATION NG. M38510JI0701BXC

A PACKAGE DEYAILS (See Figure A8-1)

Lead Material: Kovar
LEad Finish - Internal: Gold Plate

- External: Gold. Plate
-- Feed Throuqh: None

nea•er Material: Gold Plated Kovar
Cap Material: Nickel
c'ase Seal Method.- Weld
Lead Seal Material/Meth'd: Matched Glass

B INTFRCONNECTION DETAILS (Sec Fiqure A9-2)

Die Mountinq rateri.•il: Gold - Silicon Eutectic
Interconnect Wire Material: Aluminum
Interconnect Wire Diam.ter: .0032 inch
Loncest Jnterconnect Wir2 Lenqthi: 0.128 inch
Wire Bond Type (.) Post: Ultrasonic (See Figu're A8-4)

Die, Ultrasomtic (See Fig:rn Ab-3)
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C. DIE DETAILS (See Figure A8-6)

Passivation Type: Silicon Dioxide
Glassivation Type: Phosphorus Glass
Basic Die Construction: Planar Epitaxial
Die Dimensions: 0.084 inch x 0.077 inch
Metalization Type: Alumin m
Metalization Thickness 11O06A
Scribe Method: Mechanical
Bond Pad Size: 0.007 inch ý 0.007 inch
Vcc Stripe Cross-Sectionrl Area: 1.1OxlO-4cmxl.34x1O 2cm=l.47xi0- 6cm2
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D. ELECTRICAL SCHEMATIC

An electrical schematic diagram was prepared by modifying the schematic
included in MIL-M-38510/107 for device 0l to conform to the actual
circuitry on the die. The modifications resulted from a detailed
microscopic study of the die and included removal of the qlassivation
and metalization. The modified schematic is shown as Figure A8-5, A
die photomicrograph with the circuit components identified is incluaed
as Figure A8-6. The schematic modifications were as follows:

1. Resistor RIO is two resistors in parallel.
2. Resistor R6 is twu resistors in parallel.
3. Diode D3 of the MIY-M-3,8510 schematic was changed to an (

additional emitter on Q14.
4, Crossunder Rxl was added.
5. Resi.3tor R{ib was added between Q8 emitter and terminal 3.
6. Resistor R7 does not exist on the die.
7. Resistor R15 and diode D5 were added across 02.
8. Added D6 across the C-B junction of Q14.
9. Added D7 across the C-B junction of Q5.

The modifications are indicated on the schematic diaqram with an asterisk (*).
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E. COMPONENT DESCRIPTION

An examination of the die vas conducted in order to determine the structure
of each circuit element.

1. TRANSISTORS (Transistors listed together share a common N type
collector or base tub)

Vertical NPN Vertical PNP Lateral PNP N Channel J FET

Q2 Q11 Q17 Q1
Q3*, Q4
05
Q6
Q7
Q8*
Q9, Q10
Q12*
Q13*
Q14, Q15
QI6
018
Q19

2. DIODES 
*diode connected transistors

PN PN+
Y11S\ D2D4

D5
0,3
D7

ZtCollector isolation diode of Q19

A81
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3. RESISTORS

P__ype. k_ •Squeezed P type

RI thru R6 R14 R15

R8 thru R13 Rxli

R16

Reference designation R7 removed -

4. CAPACITOR

Emitter - Base Junctio_ Capacitor

F. QUALITY OF WORKMANSHIP 1
Thie quality Gf wor-kmn;iship is considered acceptable per MIL--STO-883,

Method ?010.3.

i
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CONSTRUCT ION ANALYS IS

M38510/1l0304BGC

MANUFACTURER D'

PREC'SION VOLTAGE COMPAATORiBUFFER

DATE CODE 7612
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MICROCIRCUIT CONSTRUCTIJON INFOR6ATIOM

S/N: 311 DATE CODE: 761Z DATE: 7/20/'77

PART NNIE: PRECISION VOLIAGE COMPARATOR/¶b-,ER

MANUFACTURERS PART N9O. A111HMQB MANUFACTURER: D

GENERIC PART NO: LMl1l PACKAGE TYPE: 8 LEAD CAN

MLITARY SPECIFICATION NO: M3S35O/10304BGC -

A. PACKAGE DETAILS (See Figure 39-1)

Lead Materia:l : Kovar
t.e&d Finish - Internal: C61,d Pl-it, .

-. Ixterr-al 1d Plate-Feed TnIrough, lNone }
Heider Material; Gold Plated. Kovar
Cap Katerial. .1,ilckel

Lead Seal Matermal/,Method: M-it,'ed 1-,s!o

B. INTERCONNECTION DEIAILS 'See Figure k;-,.2) Aj T A

Die Koaunt~ing Mater'ial : Gal!d-$i l ion Eut~eC TiC

Inter'connect W~irp. Dianiwter. .:2,ih.i
Longest. Inteirconne~ct Wire Lengt'h; 0. 102 1ý;ch, s
W~re Bo,,d Ty'pe (s) POSr:: tfltr#e..oniý (3ee Figur• Aý.4) ,

Ole. LUltritsunic (See Figure A9-3)

AVA



C. DIE DETAILS (See ligure A9-8Dx

Passivation Type: Sili,ýr, Dioxide
Glassi'vation Type: Silicon Diuxide
Basic Die Construction: Planar Epit;.xiaL
Die Dirensions: 0.043 in'ch x 0.064 inch
Mctalization Type: Alumin ni
RW;taliz zntion Thickness: 11,938A
Scribe Method: Merchanica)
Bod Pad Size: 0.034, inch x 0.004 inch "
Vcc Stripe Cross-Sectional Area: 1-.19xl- 4:nix2.57x -1 cm•s3.2xlo"cm 2

AC5
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L:i • ': Ii.

3X ""it ! S/N 3 11

FIGURE A9-1 PACKAGE PHOTOGRAPH

lox S/N 311

FIGUR- A9-2 -INTLRCONrJIXTION PHOTOGRAPH
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F I GUIRE A9-3 W I RE BOND AT DIE

61 OX
• .• • . ,F ..

FIýGURE A. 3 WIRE BOND AT POST
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D. ELECTRICAL SCHEATIC

The MIL-M-38510/10304 nchematic "A" was determined to be the schematic
tor this device. Only minor changes were made to this Schematic as a
result of microscopic examination of the die. The scheamatic modificatiuns
are as follows:

1. Q5 is actually twv separate transistors, therefore one is

designated Q5A and the other Q55.

2. (.rossunders Rxl and I2 werme addcd.

3. Rl8 and R19 are actually two resistors in parallel.

4. W3 was added across the C-B junction of Q22.

These modifications are identified on the schematic diagram (Figure A9-5) by
an asterisk (*). A die photomicrograph with the circuit elements identified
is included as Figure A9-6.

*~,;~ '~~ ~ . . . .
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E. COMPONENT DESCRIPTION

An examination of the die surface was conducted aPter removal of the
glassivation and metallization In order to determine the structure of
each circuit element.

1. TRANSISTORS (Transistors listed together share a common N type
collector or base tub)

Vertical NPN Vertical PNP Lateral PNP N Channel J FET

03 Ql Q5A Q20
Q4 Q2 Q5B
q6*1 QlO Q14 Qll
Q7, Q9 Q17*
Q8
Q12
Q13*, Q16
Q15
Q18
Q19
Q21
Q22

*Diode connected transistors.

2. DIODES

PN+

DI
D2
D3

3. RESISTORS

LtMe N+

Rl thru RIZ R!3
R14 thru RIS Rx]

Rx2

F. QUALITY OF WORKMANSHIP

The quality of workmanship i considered acceptable per MIL-STD-883,

Method 2010.3.
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CONSIRUCT ION ANALYSIS

M38510/10304BGC

MANUFACTURER B

PRECISION VOLTAGE COMPARATOR/BUFFER

DATE CODE 7601
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MICROCIRCUIT CONSTRUCTION INFORMATION

S/N: 311 DA[E CODE: 7601 DATE: 7/20/77

PART NAME: PRECISION VOLTAGE COMPARATOR!BUFFER

MANUFACTURERS PART NO. LM -IIH/IO304BGC MANUFACTURER: 8

GENERIC PAI NO. LMl1l PACKAGE TYPE 8 LEAD CAN

MILITARY SPECIFICATION NO: M38510/1O304BGC

A. PACKAGE UETAILS (See Figure A1O-1)

Lead Material: Kovar
Lead Finish - Internal: Gold Plate

- External : Gold Plate
- Feed Through: None

Header Material: Gold Plated Kovar
Cap Material, Nickel
Case Seal Method! Weld
Lead Seal Material/Method: Matched Glass

B. INTERCONNECTION DETAILS (See Figure AlO-2)

Die Mounting Material: Gold Silicon Eutectic
Interconnect Wire Material: Aluminum
Interconnect Wire Diameter: O.OG11 inch
Longest Interconnect Wire Length: 0.102 inch
Wire Bond Type (s) Post: Ultrasonic (See Figure AlO-4)

Die: Ultrasonic (See Figure AlO-3)

A93
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C. DIE DETAILS (See Figure AIO-6)

Passivation Type: Silicon Dioxide
Glassivation Type: Silicon Dioxide
Basic Die Construction: Planar Epitaxial
Die Dimensions: 0.045 inch x 0.063 inch
Metalization Type: Al umi nm
Metalization Thickness: 14.732A
Scribe Method: Mechanical
Bond Pad Size: 0.0034 inch x 0.0034 inch
Vcc Stripe Cruss Sectional Area: 9.88xlD- cmxl .47xlO-cm-1 .46xlO-'6cm2

I

A94
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FIGUR[ A1O-1-~PACKAGF PHOTOGRAPH

lox__ S/N 311

FIGURE 10-2- INTERCONNECTION PHOTOGRAPH
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(SErA-1 .2Kv) S/N 311

FIGURE A10- WIRE BOND AT DIE

40?

68 OX
(SEM-i .2KV) S/N 311

VIGUJR A1O-4.-VR[. BONO AT POST
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D. ELECTRICAL SCHEMATIC

The MIL-M..38510/10301 schematic "B" was determined to be the schamatic
for this device. A comparisont between this schpmatic and the actual i
die layout was made after removal of glassivation and m-talization. A
number of changes in the schematic were requireQ to produce agreement with
the actual die layout.

1. Crossunders Rxl and Rx2 were added.

2. Q5 is actually two separate transistors; therefore, one is desig-
nated Q5A and the othcr QSB.

3. The diode shown connected to the collector of QI5 is actually a
verticle PNP transistor (there is no buried layer under the
emitter diffusian); therefore, the diode was changed to Q24.

4. Diode 05 was added across the C-B junction of Q22.

Changes in the schematic are indicated on the schema,•ac uiyrai, (Fiyure AiO-5)
with an asterisk (*). The die photomicrograph with the circuit elements iden-
tified is included as Figure A1O-6.

A97
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E. COMPONENT DESCRIPTION

An examination of the die surface was cunducted after removal of glass-
ivation and metalization to determilne the structure of each circuit
element.

1. TRANSISTORS (Transistors listed together share a comm1on N type
collector or base diffusion)

Vertical NPN Vertical PNP Lateral PNP N Channel J-FET

Q3 Q1 Q5A Q20
Q4 Q2 Q5B
Q6*,_QlO QI1
Q7-, Q9
Q8
Q12
013*, Q16

ti~ 4Qi4S
Q15

Q17*
Q18*

Q21
Q22

*diode connected transistors

2. DIODES

PN Diode connected NPN transistor

Dl D4
D2
D3
D5

D3 Removed

A1O0



3. RESISTORS

P Nf

R1 thru R12 R13
R14 thru R23 Rxl

Rx2

F. QUALITY OF WORKMANSHIP

The quality of workmanship is considered acceptable per, MIL-STD-883,

Method 2010.3.
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APPENDIX B

ELECTRICAL TEST CONDITIONS
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TABLE El. IN!FIAL/FINAL AND 11YERIMl TEST1 FOR MIL-M-38510/10104 &

MIL-M-385~10 OlO07

INTM;L/FINAL I NEI
PARAMEI'R TEST #OS TEST #... .... ,r 

-

17C I?'C -ssCc 25"C

VF o 1, 2, 3v 25, 26. 27 46, 47, 48 1, 2, 3, 4
I% 5 6 7 8 31, --2. 33 52, 53, 54 5, 6. 7. .3

+,.,a 9. 10. 11, 12 37, 38, 39 SR. 69, 60 9, !0. 11o 12

-1i8 13, 14, 15, 16 40, 41. 42 61, 62, 63 13, 14, 15, 16

÷PSRR 17 -- 17

-PSRR 18 6

CMR 19 - 19

VIO ADJ,&') 20 - 20

vlO ADJ(-) 21 - 21

los (+) 2k 43 22

lOS (-) 23 44 65 23

PO 24 45 56 24

vopp 67, 68 77, 78 87, &0 67, 68

+AV. 69, 71, 73, 75 79. 81, 83, 85 89, 91, 93, 95 69, 71, 73, 75

-A~s 70, 2, 74, ?6 80. 82, 84, 86 90, 92, 94, 96 70, 72, 74, 75

B2



T•ABLE B2. CHARACTERIZATION TESIS FOR MIL-M-38510/1Ob04 & MIL-M-3851O/1O1•7

CHARACTFRIZA1ION
TEST #'S

PARAMETER 25 0 C 1250C -550C

TR 97, 93 108, 109 115, 116

SR 99, i00 110, Ill 117, 118

t 106, 107 113, 114 120, 121

AV o/.T ---- 28. 29, 30 49, 50, 51

AIo/__ I 34, 35, 36 55, 56, 57

* DNVICE 38510/10107 O-LY-
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I + AWL 1ýE01 - -'1 - I - -ueA ....
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T 540-

4.A

i"- j see MIL-/K38510/1O01
• , / for switch positions

FA10 04/.T. OUTUTV

L __.-J L L_.D'J ''• LED Di"o • "

OCU•ATIM oETlETORDIA4o M iADJUST FOR DETECTION OF 300 mV
"PEAK TO PEAK OSCILLATIONS

FIGURE B1. TEST CIRCUIT FOR STATIC AND DYNAMIC TEST
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TABL.E B4. INITIAL/FINAL AND LNTL-:,mM ILSTS FOR M1IL-M-38511O10201

INIT2IAL/Fi'1AL INTERTIM

PARAM~ETER TESIi C IIEsI #

~t.N ~ 1,~,250C 1____325'C 55 c 25
0 C

VF10ArD 4, 5, 6 12 17 4, 5, 6

v REF 7 .13 18 7

'Os 8 - -a

1Sc0 9 15 209

B12



I

TABLE B5. CHARACTFRIZATIOX. TFSTS FOR MIL-M-385iO/10201

CllýRACTERIZATIOY TESTS

PARAMETER TEST V'S

25 0 C 125 0 C -55 0 C_

T - 14 1.9
C OUT

RIPPLEREJECTIOF 21,z2

OUTPUT NOISE 23,244

LINE TRAN'IENT 25
RESPONSE

SLOAD MANSIENT

RESPONSE 26

B13



TABLE B6. TEST SPECIF IATIONS FOR MIL-M-38510/10201

*ALL TESTS REFER TO FIG. B2. UNLESS OTHERWISE SPECIFIED.

!rnlbot e~ Condition~g L;it

P. _'. CYI;Tq - 5 V- "L I mA 0-001 ,OUT
'A 2Y %,.N. 12tI. 15 V

j 2 VO - - -1, 1 )A- . ' U
V, .5 to 40 V2

'L 3 VQL; 2 V. 11 . 1 1!A 0. 0. -'-4;-
v 1ý . 12!o 15V

1,f", 4 O T 5V 1- VA C. is 0.15 V U

"R MAD 6 I r)JT ' . V, V .4 10 V-1 .

I L - tg 12 m

Vf(FF 7 VIN.~ 12 V eýb j .3 C

Il 1 iA

RI 1 or"' RL- 0 -4

L1r r 0.F V
1

, '.q 30~ vo, 1 _- r,1 0.~ 2.0 A

IL to. 50 I I

CUEI e -F U.e fi1) a. via

Liii' 15 'L'i 2HE VIN 02 VIN 3OV, NLOUT A, 1 2. J In
Is 0-IAS 16 mA. .0.3iAii' 5

I I %OU .'!V . .(, .0... .U

3/To 5, elimnat hetig 12s .uto 1e V aei estea1 uycceo
les R than 17. VOUT is t - 5oia V uu vo 12g Vro to6piainshr LciArocuit..6 VCUT

V11 Er " A. VI.N1341.
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V*PE 37:: 1
Att

I , O PEN !O ' 20 '1 Ah-A 2•_- ._LIIT . I- -I po3 .\

see lIL-41--38510/102A for switch positlons

FIGURE B3. TEST CIRCUIT FOR STATIC AND DYNAMIC TESTS
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TABLE 87. INITIAL/FINAL AND INTERIM TESTS FOR MIL-M-38510/10304

INITIAL/FINAL INTERIM
PARMETER TEST V'S TEST P'S

250C 1250C

VIO 1, 2, 3, 4, 30, 31, 1, 2, 3, 4,
5, 6, 7, 32, 33, 34 5, 6, 7,

35, 36

10 8, 9, 10, 11 38, 39, 8, 9, 10, 11
40, 41

IIB 12, 13, 14 43, 44, 45 12, 13, 14

15 46 6

10 16 47 16

17 48 17

~Il 18 49 18

112 19 50 19

+Icc 20 51 20

-Icc 21 52 21
1OS 22 53 22

VIO(ADJ+) 23 54 23

VIO(ADJ-) 24 55 24

CMRR 25 56 25

"VOL 26, 27, 28, 29 57, 58, 26, 27, 28, 29

59, 60

AVr 92 94 92
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TABLE B8. CHARACTERIZATION TESTS FOR MIL-M-38510/10304

CHARACTERIZATION
PARAMETER TEST #'S

25 0 C 125 0 C -55'C

tRLHC 98 98 98

tRHLCC 99 99 99

tRLHE 100 100 100

tRtHLE 101 101 101

B8



TABLE 89. TEST SpLC11L[CA! wNs rOR MIL-M-3851PIL(

J Th URJ'3tJ . UN~f;S OTHV WqEý NQ1LJ - -

I l SNl. 'C 0, *-4 - 4 .ýV

Itvs -1 v.vc -3. 5 =C +5V -4 -4 ,v

Is to'_o~. v, +12V; CC +15V -4 +4
4 500 VIC . ,..VCC.2 5V -4 +4 n

SItc, 1 .I .2. ~nd 3 -11l. 23AL-S23 -n3 DAL5 +5

to I l Its 2V1 .-c 0 .VCC.25V -) +10 nA

IQ IS 1002k?. VIC 41I 2V + VCC +1 5V -1 4 -

.. ,h In,2I.%LSTf2OORAI L.onntlN2. *VCC -2 . +25.0 rA

1 Vy~ 35.VC -13 .5V -A0±Q

PDc Vi 5 V (I150I±+ccA

PE 1 D- 1 5/+c//c/)30 270 tiW
to 16 .VC Ja.I4V.V I .3.ýV 0 500
20 17 -VCC LV. V2Tnl V 100001 0 'A *

___________ 100 ,

______c .____ -ley____0_ 100 'At

0
20AW) 20 *c - S. 021 0 40 3 A4'

VOAO 2 1 IC -48~ . *25v. i .

2 VCC.- .15V. VIC0.1 4.=7n0 2 .0 .V

08I 2 Vcc -- 5. 2 Vic..+12V and -1 .5 go In2150

3 
. v 

020! 30 0 5 O 0. 1 .O. 1 
2 9. 40 -. Y

V* 520 V. -- ---- .- 0, -E .O;Vm $ V _ 0

32 ~ *30~~.-13.V; *VCC 0 +1V .5 +$5 l''

3 S $of' Vic -1V; + vC +15v_ __ -5.5 1+5.5 .

22 j 302M. VIC 0, :"cc - 2 5v -5.5 1+5*5

fpr n. 31,32, 33 ',1? [IALSTO .00 1311. 55 + .5 .. *

4VI/A 42:
2
o2ol2 -25 -25 v'

2T- 001C-I

110 38 t - -.0kl I - vCC ___5V _ __ It
0912 o 20).2 V 1,3.. V * ý± CC ±1

0  -10 10. A

__0 - -I-. 20.2 o'2 Z +]a 7IVT ± 5V_ -1 . 0.
40 .2 1  VI~'C -.13V + 0CC cc, S -=0 100

42 lrvat Cv,t 39~.,2h lAI.;S TO ad 20AL nonn~ecl&i 0to -0 s~o
*Indicates changes proposed for MIL-ki-36510/12J304 are sriown.
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TABLE RIO. TLST SPLCIFICATIONS FOR MIL-M-38510/103

USE FIGURE 86S. UNLESS OTHEP41 _SE NOT.ID

S~l- Srs.b.1 Ttat ND. CmdltI18 S ),

L'I0 ItL, 40) - 110 ttS -70 700)
T, 125'C 611o'AT 4- A T-_:-70000 1W

44 *10 - v. vi - -13. 5V ý

* 4S VCC . ISV. VIC .+ 2V .

PP 4 P - 15(/+ Icrc/ /-ICC/) 3.) 21,1 nx

1C) 47 *VCC . 131,VE) - 5,,v 500 'A

112 7 VC, )IV 0 500 mA

-I -4C 1 'vc.V .15 0. 4.00

'EC C I - *V C C * J .0. 4 0.0 5

-'ccDA i I C .i iŽ:s hi, -~ 0 .2

0S(A ) 1 7 .~ , , S .,Io.n~ IV ~10 m VCC - ISV: VIC - 0

VI1111) 56 DVCC I-v 1 V ic .111 a* 4.0.5 d]_

so vCC .4 v; VCC . Vol . .O. ViDI -V 0 t0o ,v

"40 !15v'I 120 _,V w. 5 ., 0 :i: Suo v

*Inditates chan~ges proposed for MM!-M-38510!I0304 are nhown.
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TABLE Bil. TEST SPECIFICATIONS FOR MIL-N-3851O/1O3

USE FIGURE P~6. UNLESS OTHERW~ISE NOTED

- I - - 1 3S M-,k-I q.A10VN

7 litUIC $I V 0 0 A -v- "MH 10 t SEE FIGURE 67.K ~ ~ ~ ~~~S 'I?. FuI.;&V4 , F-IGURF B7.___
qItwit IO 1OD* IQV. S EE FIGURE B8. 4-0, *

- llivx CIc Von . I -,v; AV, . O1 ,,v, SEE FIGURE B8. LT 1 __300

-nLiC go V.5,l V-u "l,-I*m SEE FIGURE A. __

~~iY k0 1 ~ ' F F.IGURE B78. -50

'iig l~ V 1*ZnV;4Y 4  CO.SEE FIGURE 68 ,00 h
9ni 1~ F- Yorý I 'n .. V , y SEE FIGUV.E B87. 3

HM n O V 0 Y; -%V il . -1p 00 nV . SE F IGURE 87. 3"_I toor I von. - 1.V my;~ Avin - 10. SEE FIGURE 63. '- *
toiL 0 tw 5 -,nv: A v, - i00 iýV. SEE FIGURE 88. a zoo00

ol Zndjcetemx chailges proposaed fhr MZL.-M-36510/1O3O4 are sthown,



kr

.-'-3851Q/1038 (PROPOSED) ,, lL

•?, St, ICH POSITIONS 0 ,/• ,••

FR O1 D.V..Q K

- tW

c 71-

0SCILLAT11 EEI• • nAGFAM'y ADJUSI FOR DETECTfION OF 300 mV'PEAK TO PEAK OSCILLATIONS

FIGURF q6. TEST CIRCUIT FOR MIL-M-38510/10304
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TABLE B62. INITIAL/FINAL AND INTERIM TESTS FOR MIL-M-385'l/070_1

INITIAL FINAL
TES__9'5 INTFRIM

PARAMETER 25% 1250C -55C TEST VS

VRLINE 6 21 37 6

VRLOAD 7 22 38 7

Vour 1, 2, 4 16, 17. 19 32, 33, 35 1, 2, 4

Isco 9, 10, 11 25, 26, 27 41, 42, 43 51, 10, 1i -

4ISCD 12, 13 28, 29 .44, 45 11, 13

los 14 30 46 14

VSTART 15 31 47 15 "

This table refers to tests specified in this appendix. These tests are in accordance
with the proposed changes in MiL-M-3851/10701.
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TABLE B13. CHARACTERIZATION TESTS FOR MIL-M-38510/I07Oi

CHARACTERI ZATION

FARAMETER TEST #' S
250C 125 0C -55 0C

24 40AT

1i48 52 55
AVOLIT

S49 -

ý 50 53 56

AVIuT

AV•UT 51 54 57

iCL 58

Tj (.S) .59

This table r-fers to tests specified in this appendix. These tests are in
accordance wth the proposed changes in MIL-M-38bO1/10701o
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TABLE B14. MIL-M-38510/10701 SPECIFIE[I TESTS/LIMITS

CONDIrIoNS (FIGURE B9. -SUBGP';,JP SYMBOL TEST UNLESS OTHERWISE SPECIFIED) LIMITS UN4ITSNo INPUT VOLTAGE LOAD CURRENT MHIN MAX

I VOUT I VIN 7V 1 L -5nmA 4.80 t 5.20 V

L I-- A45 V IN 35V I L a- -. 50eA •

y 6 7V<_VIN_25V I L - -5mA -20 +20 mv *

SRLOAO 7 V IN * lOw -O. SAI L<-SmA -50 +50 . .m.

1 SC 9 VIM- 71 1 - -SA -10.0 0 r,

10 VIM m 2SV IL - -5rnA

Vif- 7V 1 -- O.5A

AISCO 13 V IN 7V -O. -SA- L'--5mA -2.0 0 T
(LOA n) I

Ios 14 vI - toV. 1-0.7 -0.1 IA
V START 15 SEE FIG BI 1. - 9.0 V

T2 V 16 YIN 7 V -mA 475 5.25 V a
A 17 YIN l Ov IL - -0.5A 4.50

19 VIN , 35V IL - -OMA 4.75

VLi. 21 7V<V_.!25V 'L "- -SRA 25 I 425 mY *

VRLOAD 22 VIN - lOV -0.5A1 L-SrnA -500 I +.Go i mV *

IT 24 VIM - ' - -SmA -1.2b I.Z5 mV/'C

INDICATES IEST (OR TEST LIMIT) CHANGES FPOM -XISTING IIt.-M-38510/107Gl HC.ET, AND SHOWS
TESTS (OR TEST LINITS) IN ACCORDANCE TO THE NEW PROPOSEQ SPECIFICATIONS.
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TABLE B314. MIL-M-385IO/10701 cPECIK.'ED HISTS/L-IM11S (cortinued)

COND.ITIONIS (FIGURE B9. )
SUBGRUP S~U0L TEST IJNLMS OTHE.RIASE SPECIFi!ED) L IM ITS

NO6OU YMO INPUT VOLTAGE jLOAD CURR~ENT MIN IMAX WS

TAa 125-C 'Sco - I 25 v 7V I TL ru 10. f) M

26 1 .S -5trAI
~LL

27 v N 7V I -05
aIsccl 28 j 7MVV1 25V4 it -,L -0.8 0 M

W6 iiC ) _ __WIN_7 V _ _-.0. A l - 0 50^

0S__ :: IN I £- I .Ii-o~
v5AR 31 SEE FrMi1 9.0 v

3 2 V7 4.75
TA 3 '54 OUT 32 VI %' 7Vi -SirrA 5.25

33~ v - Iv Jý a 0. 5A

37 -0 *- IC~
RLhIA Lf*3 - S.rr -25 t2s

RLOAD 10 -05< L*- bl.d ..7g, +75, e

6YOUT 4i0 -7V T -5Ml -1.25 +1.25~ mV*C*

sCo 141 v IN 7V 1, -SMA (10,0- MA

42 V. u25V I ý---~

4~ v~ *m , -0. 5Tf5.A It. .4 A
-Lb-

V ~47 SEL FK~H

Indici~tes test. (or 'tert I4:'At) cIange, erom existing MIL *M.38&lLV10701 sheets, arid !hcw%
tests (or test I1tvits) 19', a~ccrdnut ?#th tht nlew propv~el ;,,ecificAtiori.
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TAB.E B14. MIL-M-38510/10701 SPECIFIED TESTS/LIMITS (continued)

LIMITSSUBGROUP BL4TEST COD)ONS NOTES MIN MX UNITS-- JYtO * I (IN - lbY) - _____ _ MIN .-AX ~

SAVim 48 1 L -BiiA See Figure B10. 60 - dB
TA 0 AVIN - rms

T'VWT Bw1OHz to IOOKHZ_ _

"" P 1L0-SO"A See Figure 810. - 120 Uy *BW , 10Hz to
IOOKHz_

___I 50 *IL -lmA See 7igure B12. - 4.0 nv/v *

AYIN 
AVIN * 3V "iV•.._WT 61 IL - -40nmA See Figure B10. • - IO Vm4 L ALL u -IOPA

TA 1"5'C AVIII 52 I - -5OmA See rigure B12. 60 - d,IV L~~1 AVIR( - 1Vrms

BW-lO_4z to IOOKHz

Avot 53-- IL ' -_MA See Figure B12. - 4.0 mv/v *
_LAVIN - 3VL4

a_ 54 -40irA See Figurt 510. - 1.0 my/ir. *•ILL aI--l~ m

AVIM 55 IL ' -S0mA See Figure B10. 60 dB
TA - "55C -j-JT OVIN " 1Vrms

j _________ BW-IOt to 1OKHz
TV La --mA See Figure B12. 4.0 mV/V *

I- AI , *3V
Aim

YOLI- 57 1 Wu -4W, See Figure 812 1 1.01 mV/Iff+ a -lO M

L 58 See Figure B 3. - 1.0 -0.7 A m

1"k . ý11"C 141

bA .C IJ(SH 59 IL -5, See Figure B14. 165 185 C O

• Indicatei test (or test limit) changes from existing MIL-M-38510/10701 ;neets, and shows
tests 0o.' te't lirits) in accordance with the new proposed specifications.
I 1ndtctt.i, new test.
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IiI

2I-- --- 0 1Ki

+1% SCOPE

FIGURE B9. TEST CIRCUJIT FOR MIL-M-38510/107

OTES: . ,,.

1. For rippl e r ejectir ,": ý o utiAV t 1 V Hz a nd ilu k0 k+ E -,

RIPPLE REJECTION 013) - 20 Log i7z C /F
c -, O~af

2. For •ola output:
AV 0

N -E £m (filteared to 10 HZ to I00 kHz)
C .,220f

FIGURE B10. RIPPLE REJECTION & NOISE CIRCUIT
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'1

VOLTAGE D , U T.
SOURCE .. .D.. -..

IN .22pf T2 ~ 0.

t++l*iUWl mur ,,,hsl b~m A Or• g" Pov r *" l Iiy efbt Of lmrbiir+ i l b $.,(,i l OUlt. Ui,, WUo•: i

____________ 'I,
wMwitoui,. DOWCO fhW~ tPr* GM M~ Va / V&M shoM ernamLA* wbo Ovh WM VA 4

10

4.-
2

SECONDS

FIGURE b•l. START-UP !NPUT VOLTAGE TEST CIRCUIT

PULSE I

IO 50Q [I . -. OUTPUT

T. U 1-- 2 s- 7

IULSE' = 3V

PULSEI 2 - 7,OinV

VIGURE B12. 'I RANSEI E RESPON4SE _TES. C.kRRVUj.
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I .22of GN D
213055

S-÷I 1• VM
.1Pulse Generator Parameters:

Pulse Width: 501isec 4-
Pulse Repetition Rate: 400Hz
Amplitude: 1.0 V + VBE IL'

FIGURE 013. CURRENT LIMITING TEST CIRCUIT

mI

liy PU OUTPU;ý -

2p .22f G11)

The temperature chanter shall be stabilized at TA ' 1651C. The trnperature shall be

increased to TA - 185*C over a 10 minute period ano allowed to stabilize at TA a 185*C.

Accept/Reject Criteria: At TA N 165C; Vo must be > 4.6 V.
At TA * 1850C. all devices must be shut down; Vo < l•0 V.

FIGURE B14. THERIIAL SHUTDOWN TEST CIRCUIT
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APPENDIX C

PARAMETER CHARACTERIZATION

Electrical parameter measurements were performed initially on all devices,

and also during and after life tests.

The final electrical parameter measurements were compared to the initial

results to detect any shift in parameter values. These results are shown in

Tables C1 through CIO.

An examination of the data was made by compari.g manufacturer to manufac-

turer differences in initic:l data and compiring initial arid final life test

parametric data of each device type. This comparison of initial/final para-

metric data of each device type revealed only minor shifts in the parametric

values. Where apparent differences in parameter values were noted, the

control data also shifted indicating test set drift or variations due to test

set recalibration. Also, comparison of the initial data to cells which have

only a few survivors is not completely valid. In those cases, individual

device parameter values were examined at each test time, and no major shift in

values was noted. Differences in the gain parameters (_+Avs) were noted in

the manufacturer to manufacturer comparison of MIL-M-38510/10104, MIL-M-38510/

10107, and MIL-M-38510/10304 device types. A study of the transfer plots for

these devices showed that the curves were nonlinear and that the two-point dc

e•lectrical measurements are not a valid indication of open loop gain. A fur-

trier discussion of the open loop gain differences can be found in Appendix E.

C2



TABLE C1. MANUFACTURER A MIL-M-.38510!0104 25"C PARAMETER CHARACTLRIZA1Iji

FINAL AOCCLLRATiD IllS 7[51 0)AIAfl

'_?•C 4000 ItRS. 20Un C 4b000 4R81 175% 40010 fRS.•

-- N0 OF PARTS - I NO. OF PARTS - 130 NU. OF PARTS - ?3Lli t$ Initial10ata. . ..

Parameter ~ AX jKean Sg,4 SI 9f aj u jlt

V1 .0.5 '0.5 -0.003 0.132 -0.132 0.095 0.003 -0.125 , 0.158 U . '

,A.s 69 80 --- 865.8 1568 3745,142 65904.129 2453.999 4756.953 496.480 1194.' V.V

-A i 80 -.. 203.5 07.26 166.405 79.224 239.161 797? 142.371 47.34 VI,.

'tAws S] "1 20 252.6 25,.2 269.118 220.429 3085.472 1724.69ý '03211 136.622

-AVS U 20 "' 191.4 47.95 134.7"1 56.992 144.2S2 39.94A 124.3m4 43.304 %,/,,V

110 .. 0.2 0.2 -0.007 0.026 0.00, 0.018 -0.013 0.017 -0.009 O.Oz nA

[[ 0.1m 2.0 1.056 0.305 0.9?9 0.147 0.95? 0.140 1.099 0.23,. a/

-l1I1 A 0.1 21.0 1.063 0.302 0.980 0.151 0.970 0.140 1.105 0.246 nA

+PSRR 17 0 16 2.438 0.903 -2.525 3.944 -2.61? 0.8bG -2 445 1.7u- YV/V

-P5SR 1 0 16 1,118 2.078 2.304 1.638 -0.039 2.583 2.680 .352 ,. V
92 - -S-2.0 -9.04 0".624 9.4 . 208 .4791 8.4081043 n

CMAR 19 g6 - 121.124 Y.240 119.923 5.018 125.291 ) .0811113.096 4.008 d3

-1os 23 2 20 12.2R9 4.302 13.835 0.856 8.647 3.064 14.045 2.426 I

pt 24 2 24 13.958 2.584 14.462 .160 12.498 2.099 14.875 0.861 W

O+ 67 16 --- 1 9.167 0.070 19.49 0.1 19.419 0.035 19.441 0.091 Vp

Zi\ Averige values for lest thloners 1-4.

Z/" Average values for Test Nut, bers 5-8.

Z2. Average values for let Numbers 9-12,

A Average values for Test Numbers 13-16.
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TABLE C2. MANJFP, TURER B MIL-,-38510/10104 25-C PARAMETER CHARACTERIZATION

FINIAL ALCLEATE0 LIFE TEST DTATA

225"C 1000 HR15 • 0*(C 1000 HRS I751C 1000 HRS

Tet Limits I ia. Data_ . ...10. OF PARTS 1 ,O. OF PARTS- 5 1NO. OF PARTS - 4

Parameter ,a .MII MAX I eo,1. Stoa Mein Si S. 9" Mean Sjo° i li t '

Vft \1 01 -0.51 -0.j70.0 0.015 0.055 0./01T 0.179 0.036 1 0.'140.

,AV 6 8 1, 0 189 28.87 16.3052. ,4.34 j10'34 .5 1 ?14315.242 V/mnV
-AV, 7u PO 1,920 3,039 4,Z,7 2052.478 807.422 1129.867 I 675.7C41 V/mV

'Ays 1 20 1.- 1,120 1,373 17.314 397.930 109.976 653.753 .267.6771 V/mV

-Avs 72 j•0 _. 2.500 iPC59 152 987 112.2u5 1398.600 2S09.917 1647$69 V/mY

II' .ý 0.2 '0.2 0-012 0.041 -0.022 u.00] -0.0ý0 0.052 -0.008 0.012! nA

[IF 0.1 2.0 1.06) 0.413 0.633 0.045 0.707 0,091 0.6817 0.053 ,A

" "41 0.ý 2.0 1.07B 0.415 0.6116 0 074 0.107 0.10? 0.699 0.057 sA

*P¶,RR11 0 16 O.r.0 1.635 I 4.551 -0.286 1 370 -0.762 1.6351 V/V
-PSRR 18 0 16 1.70' u.925, 2.535 2-.64 1.770 " 0.8071 ýVT/

CMHR 19 - 124.71 916 i16. 175 644 5.694 11/.269 2.757, dB

•.•eraZ6 -5.u33 0.233 .-t u1e9-2

22K 2 20 11.4 0. 267 I 11.314 11.' 67 0 155 10.810 0.1181 IrA

P 1 24 2 24 11.JO 0..074 10.268 10.8810 0.492 1C.980 0. 351 i

Wov 67216 .-- 18.493 0.1190 18.951 181.941 0.I 098 .3
Vu.,- 161 --- l 1l8 113b 0-56 1IT-238 j18.73? 0.031 I-18.693 0 .0T22! V

A1L Avers8.e valsus foe' lest tNuptrr5e 1-4.

Average values fur lest !iunoers 13-16.
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TABLE C3. MANUFACTURER B MIL-M-38510/1O017 25°C PARAMETER CHARACTERIZATION

FINL ACCEt IkATED LIFE TEST DAT&

175% 1000 HR5. 150-C 10W H41 !250L 1000 l H65

Limits '1"Ital Date ND. OF PARTS - 4 FO. OF PARIS - 4 NO. OF PARTS - 6
MIN P MI Kean Si " Mea Si,, m1 e Pan Sigma Mean SI•gl•a Urits

,4.0 1 4,0 .0.319 1.393 -1.062 1.370 -16.369 1.3.1 -0.44 1.638 Vmy

*AV. 68 80 --- 151.9 29.11 156 6U9 28.131 138.75E 21.8A3 158 .162 74.7V1 V/mV

-PS 70 .80 --- 112.0 16.46 1.004 22.457 103.008 12.014 -21.073 20.133 V/9mv*AVS 71 1 oi ot --- 154.0 01.50 17C.Ubt 45.94 112.8.47 79.574 241.665 113493 V/mv

- 72A 7" 80 --- 174.9 6-5.1 181.576 118.30; 144.645 38.858 166.892 74.111 V/nV

VS )73 40 -.- 169.5 98.31 183.079 51.433 12.810 37.531 480,114 68.503 V,•M

-A$ 4 40 -. 115.9 0ý.21 115,194 30.827 93.201 1 1.125 17.3 26M046 V.'my

75 40 123.2 70.73 13.569 36.273 216.996 83 822 224.247 119.670 VO1 V

-AS 76 90 -- 1139.9 3037 231.374 86.480 212.964 116. 275 483.305 504.46,' V/ffV

1 80 Ate 0 r 4t. s 0.37 6.401 11.331 17.257 -1.118 3.;96 -6.009 8.296 4A

, 1 D8t -1 2st 1r0r.0 23.n2 147.at99 r .23ie 125.5 Z5. 121.255 29.862 tA

-Iz z4 f 1i 
2 j1H.z Z4.05 1 V9 *201 3;.151 127.1,63 2S.093 i 2I. 444 31,02R nA

+SR 17 0 11001 -26.08 10.43 -22.V'S 11.245 -31.069 12.942 -21.349 11.902

-PSr.R .8 0 100 -14.95 6.447 .18.760 2.74D -16.099 16.420 -10,096 13.710 ~~
048 . 80 --- 105.3 8.658 110.746 18.444 !08.061 11,605 107,764 10.032 48

V --J 2 .5 _12,S2 0.830 12.9D5 %;.802 12-889 0.534 13.161 0.843 rut

7.MAW(-) 12.6.50.844 -12.896 0.641 -~13,086 0.652 -13.368 0.010 my

IDS(4 22 [40 -12 .31.18 1.206 -30.663 0. 713 -3u.811 0.743 -30.656j 1.849 InA

IO() 23 14 55 39.42 1,563 40.23* 2,243 3).340 1.771 37. 9U8 3.2 92 mfA

P 0  24 10 210 162.6 9.7? 261.45? 5,1516 266.111 .50;' ?60,3331) 21,)13 r;W

,Op 5 34 -- 7.7.7 0.117 3 7.930 0.022 31,813 0.027 37.942 0.073 V -

V OPP 68j32. j 362 0.123 36,630 0.141 36.440 0.124 30.590 0.73 P

Lil Patis listed r~epresent averaymc values for test numbers I thr'ough 4.

Or Dte lsted repr'esent avercqe values for test combers 5 throug1r 8.

SData listed represent average values for test number, 9 through 12.

A Data list%.I represent avera,,1e values for test numbers 13 through 16,
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TAI•LE C4. MANUFACTURER C 25°C MIL-M-33510/1C.!107 PAAMTR H/ .LELaZ.19U•. I.t
FINl.a ACC.E~R.OATEO LIFE TEST O^vIA -l

Inta aa 1750. t,000Ht' 1o 4000 I4RS 1 2s"C 4§Q•O 44$ •-1

x Men Sg en/g e. 1- nt

sIA. OF PARTS - 23 ItO. OF" PARTS - 30 N60. (iF PARTS 23

IO,-4.0 -4.0 0.053 1.273 _ 1.6 0 1 __0

+ VS 69 0o --- 2068 3915 2723.0,7 64,2.410 1716.619 2094.606 923.154 803.507 V/Mv I
-A4YS 70 g0 --- 2966 8711 $2172,578 M683.609 4675.023 16405.414 767.412 f602.991 VIW?

-A 172 0 --- 140.9 129.9 70.044 30.501 71.146 21.862 75495

.., 11 i0 I--- 9,4.e 32 549.678 497.05 743.35,''/,/ 1209.79$ 6•22.2 966.2Ž3• 0/,rA".A W5 73 40 - 161.2 129.1 234720 220.265 149.579 103.027 ý .64.3 77.997 0/rO

-A6W5  74 40 --- 22.9 718.1 142.521 41.387 136,108 ?7.49528.4 12450 V/"0 i
7*A 7S 40 --- 525.8 1037 4654.529 726.873 412.51 469.878 49.231 '2271.0b2 V/mV

+PSRR 0vr o a 00 -14.768 10.15 -18.511 10.169 -16-283 6.698 -17.778 1 V/V
10R 0o 10 45.37 12.13 -11.303 i2.130 3tl.941 9., 5.0 14.0C-0 I /

CWR 19 80 --- 100.1 6.558 106.526 4.951 I98.735 4.094 101.773 6.S81 dBi

VI0&ADu(. 25 1.5 --- 16.92 1.133 16.1.26 1.6,54 !;1.114 110261 17.364 1.205 vO

V 0,-i 21 1.5 --- -16.03 1.397 -16.9837 1.502 -12.360 1.389 -'7.270 1.266 irn

22 40 12 -30.19 1.350 30.M9 1.29 -30.853 1.15 8 1 1,405 M

7(5- 3 12 55 24.94 2.533 2S.093 3.234 74.694 1.835f 24.759 2.238 mA

24 1 01 80 204,3 11.651 206.1444 13.913 2704.720 8.,091 101,535 10.8137 nO1

-1, 5 4 - 37.01 0.147 37.756 0.243 37.789 1 0.1121 37.830 0.083

Tolov 68 32 -- 36,80 0.100 39.414 0.300 36.476 j 0.202136.564 0, 122__3ý

INAveage values for Test Numbees 1-4.
/1Average values for lest Flubbers 5-8.

/\A velage vus.for Test Nuviters 9-1Ž.

74x \Average values for Test Nuftens 13-18.
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"IABLE C5. MANUFACTURER D 25 0C MIL-M-38510/10201 PARAMEIER CHARACTERIZATION

rltAL ACCELERATFU LIFE TEST DATA

2001C 4000 110.5 1790C 4000 tIIS 1!590 4000 HQS

....Limits Initial t NO. OF PARTS - 35 NO, OF PARTS - 32 W*,. OF PARTS - 35

NOaace ~ MINI MAA mne 5~ ean Sigma oi in Mean Sig" Mean slk Units

SRL1IKE I r1.0. 0.10 -0.017 0.004 -0.020 0.007 -0-019 0.005 -0.018 0.003 % l

vRL18E 2 [0.3 0.3 .0.117 0.029 -0.144 0.040 -6."14 0.025 -0.1?6 0.018 % Y OUT

vL1NE 3 0,2 0.? -0.011 0.005 -0.015 0.009 -0.013 0.005 -0.012 0.004 % VOU1

V RL0A [ 0.i S0 , I1 -0.011 0.009 -0.015 0.012 -0.012 0.001 -0.014 0.006 % VOU7

VRLOtD [0.5 0.5 0.0OX 0.014 -0.001 0.004 -0.002 n.001 0.002 0.002 %; V0T

VRLOAD 6 .0.2 0.2 0.003 0.000 0.005 0.005 0.006 0.00' 0.006 0.001 x OT

VREF 1 .57.r 7.243 0,,06 7.230 0.058 7.248 0.034 7.228 0.052 v

ISC0 )9 0:; [.0 2.472 0.143 '.552 0.117 2.591 10.100 2.646 0.143 no, 1

I OS 8 65 59.19 5.217 61.760 3.001 62.620 2.426 (2.737 1 922 mA

C.
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STALE C6. MA.UFACT 'RER C 250C MIL.-M-38510/10201 PARAMFT.ICT iABUt ,UTION

rINAL AC.EIERATEO LIFE Tr$1 OAlA

200%¢ 4000 NR, 175"*C 4000 HrsFlS- 1Se )QW, HAiS

LInS t Initial Date NO0. OF PARTS -2 1 NO. O9 PARTS - 351"D. 0F PARTS - 35

[
7
hararmeter No. mlii OA l Mean Sig. s•tan Sip P 4 a5 S.c ktan Spa4 Units

Y [o. 1 V -0.019 0.011 -0.01? 0.015' -0.023 0.01! -0.019 0.011 v (ll

.RLI1E 2 -0.3 0.3 -0.141 0.049 -0.107 O.027 -0.)27 0.0%8 -J.118i 0.024 % vCUT

VALINE -9.2 0.2 -0.013 0.010 -0.012 O.Oi -0.01/ n.012 -0.012 J O0OO U V-T

4 La 0.15 -0.007 0.010 -0.017 0.OCS -0.002 0.00 -G.odl 0.006 0 o. O
ALOAO 1 1 .5 0.001 0.005 -0.00' 0.02 -0•00 0.004 0.000 0.003 OT

v 6LOAD 0.2• .2 0.003 0.003 0.003 0.001 0.007 O.018 0.004 0.001 3 OUT

vREF 7 .95 7.35 7.20 0.0,97 .7.145 C.057 7.2$4 0.50 /.253 (l.039 v

'SoD 0.5 3.0 2.185 0.412 2.5% 0.287 2.2'1 0.316 2.201 0.368 W.

3 145 as 5S.58 2.101 60,441 2.543 60.626 1.151 61.600 1.121 v.A

.I. .



TABLE C7. MA!,!UFACTURER D 25C _MIL-M-38510/10701 PARAMETER CHARACTERIZA7 ION

FIIAI. ACCILERAIED LIFE lIST 6AT6

250'C 400) IIRS 225*C 4000 11S 200ýC 4000 EMS

Lin t Ini.tial Oats NO. OF PAR1T - 32 .O. 1 PARTS - 327 1'.. OF P .RI S - 32

Sir 1.5al 
Sig" M*n Sig"a Kean s 1

9
a Units

YOJT 1 4.6 5.2D~ 5.044 0.0,1 5.032 0.035 5.047 0.0"5 5.037 3.025 Vd .

vO 2 4.8 ( ~ 5.2 0 4 0. 5.024 0.365 5.040 0.035 5,029 0.023 Od(

v hT 4 1.C. S.2. 5.029 0.044 5.035 0 035 5,051 0.035 5.0 OX 0.024 d

vQh 6 -20 *20 .17.388 1. 9M 14,437 1 .540 14.750 1.479 15.39.3 1.201. mYdr.

v ILO -5') *50 -2.190 2 626 6.219 2.103 4.5463 1.967 5-43b3 313 ..4

I c 10.( 0 -7.168 0,342 -6.777 0.346 -4.890 0.214 -C.876 C,24 M 1fI4:

I sc 1 * 10.7. 0 -7.224 0.367 -6.684 0.357 -C.781 (.233 6ý.772 ".269 .wtd

I Sco 11 10. ( 0 -7.130 U.364 -fl. ?? 0 - 46 -6.-733 0.215 -6.733 0.27 nAjc

6 1 sco 12 -0.0 .l..Rj -0.056 0. 04 00D53 0.0M4 5.109 0.04? 0.104 9 048 A,

6 C) 1 05 0 008 0.067 -0.155 0.130 -0.157 0.115 -0.143 j,1 ~
1 05 14 -.0 e I v.i1j3 IIZ 60. oc* -1.1 . . 0.01 i.210 (J.11 Ai-

VsTAR i 5 --- [9 0 .37 1,0ý46 5,.042 0.036 5,057 0.0)6 S.04?7 0.025 .Vdu
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( VI~fJ. AL~n.I.;'AU tI LST 40J7A

.. ... I.. ]'H,,al it-" 2 3"; or PA, RT'rS -, 3"• IO.U o .............. T

Ji 'vI 1. 80 S, 20 5ý.03' 0.061 5. 0! t 11.0 W 5.0111 9. Wi 4.4 (.')G, I 5c

YOT 2 '1.80 v20 5.0('3 0.060 4.9.11 IN.l o t 405 01,055 4A. ?. 0.041 Orcc

7 A1 4 4.0 0 5.20 5, N1 0.003 5.05 U IA .WA f, S.Ci 0. 69ý7 11.0M, 0.4 oil; M

v 1 1 0 SIMl 2.026 7. A4 7 217 1.041 1.1,'S5 (.437 l.1i 15 W, m

v .0 7 50 50 J5.619 3 .510 1 5.031 2. "779 3 3.44 V ,1i4 2 3 7'.5D 3.21 wc•

I$D 9 10.u 0 -4.r.84 0.3Yo) .4.0C. Q. 216 4.*061 0."307 .. 9 92. 0 326 .m91c

I.10 -1.0 0 .4.070 0.367 .:,.k ..2 Q.,_3 [.3.142 )._• j,, .1.869 0 .. 34b .0.4c

1 1 '190 0 -4.056 0.349 -.1.142 0. 361 -3.7110 0.373 7r.71).7 .34d- rMi6

D ~ 2 -0.11 -0.8 0.014 0.047 C.115 0.0-14 0,118 0.033 '1,:o oy ,/i

5D 13 0.5 0, -0.0p.8 0.1,OR1 0.930 0. 123 * 0.281 U.1I0D -0-241 0.jfll c*.

-T j11 LI 91 U. 0 6 ,I_ 5.013 (1.1152 5. C,15 j0.056 A. 911" 10 c5 Y6c

CIO.
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TABLE C9. MANUFACTURER B MIL-W-3851_•/`0304 250 C PARAMETER CHARACTERIZATION

FIMALL ACCELFIPATED LIFE T161 0.TA25' 500. lip T ?' r-0 HRS i ?QO'C SOO HRS
Tait L lfI5t$ 1ltAll Data No. of PARTS-20 M o. of PARTS-f4 No. of PARTs-I7

Parameter NO. ml n, max Fman slvia tN~xn $isnmaj Mpan Sy3 I 9, man S49na Ur.I t

¥10 14 -5 -0.243 0.45P 2.142 1.131 2.747 0. 7;1 3.457 0.751 am
VIR 5-7 .5 I .5- -0.299 0.467 (j.616 u.727 0.8"? 0.432 1 .893 0.324 1*

*Arc 91 150 9?.2960• 154.?66 650.6G05 522.605 523,,588 373.A44 899.990 (0,.I e /,,1

-c 93 1SO 1371OA 2028.147, 331A4S3 149.427 331.471 132,6S7 244.000 6).S28 'w

110 ,-11 -20 420 1.,40 1.181 -3.93E, 5.141 -4.040 4.474 -3.9)1 ?.331 r,
1ioR 1 425 425 1.387 3.150 -2.972 13.589 -8.965 10.053 13.834 6.090 na

*1 I0 12-14 -150 0.1 -53.U29 14.778 -58.260 18.245 -65.936 18.275 -.53.018 13.115 np.
-1 18 12-14 -150 0.1 -55.014 15.055 -55.018 117.726 -.2.689 /17.57 -S0.733 11.3M6

+V87(o()J) 23 4.0 - 5.2.19 0.251 5.784 0.225 5.6" 0.405 6,073 0.403

-V 1 •J) 24 4.0 -. 369 0.266 -5.3? 0.335 -5.137 0.326 -5.345 0.301 j
CmR 2• 00 110. 72? 5.946 88.804 1.914 87.,17 1.21 8.6.251 1.581 1

80 L1 26-27 0 .490 0.276 0.015 0.312 0.021 0.32A 0,024 0.3?6 0.0171 Y

V 28-29 0 1.500 0.916 0.037 0.935 0.048 0.939 0.095 0.922 0.048 v

I 16 0 .500 0.123 0.007 0.099 01020 0.083 0.095 0.016 0.004 ,A

17 -10.0 0 -1.295 1.342 -0.412 0.'519 -0.995 0.815 .0.029 0.109 ,A .
f17 IQ I 0 ,10 0.048 0.003 0.072 0.004 0.011 0.003 0.069 0.3041 uA

1 1 19 0 U1(64804 U00 0.070 0"A00 0.070 0.~kf' 0.467 0.004 ýA

+ic 21 0.5 .5.0 3.0 0.267 3.1)1 0.271 3.3BI 0,286 3.020 U.198 F

SIc 21 -4.0 -0.5 -2.306 0.209 -2.147 0.211 .2.334 0.176 -2.rG3 0.08m W

I1Os 22 70 M . 3 40.112 12.962 129.469 13.204 140.8191 15.4i5 1 39.4100 :2.695 M.

15 D i10 166.65•, 14.072 16L).5115 14.470 111.461 13.f83 1?2.4W7 5M.89 MW
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TABLE CIO. MANUFACTURER D MIL-M-38510/10304 25"C PARAMIER CHARACTERIZATION

FINAL ACCELERATED LIFE TEST )9A8

290% 500 HAS 225"% 500 HR 200*(. 50 [IRS
Test L•mit$ I nital Data Mo. o1' PATS---20 -_No. of PAATS-14 No. of PARTS-17

Paramter No. Oln URx Mean jSig" ipan Sigume Near Sin ma IMca, Sigma UM ts1"'_E. "" '°- - I:}.. 5. .... ,
1-4 -5 +5 -0.335 0.414 3.570 0.640 3.259 0.702 3.402 MR.S78 OV.(Vzk 5-7 | -5 +5• -.0.743 0.389 0.597 O.$zz 0.383 0.528 0.501 0.338

*AVC 92 )so - 459.867 71.339 823.6 7 .IM0 W.130 6?8.32 12,441 5.7..447 V/W
-AVC 93 I50 - 302.513 M0.799 269.437 731.412 1075.414 757.561 962.70O 534.965 V/mV

I -10 -20 *20 0.678 1,661 -6.592 4.065 -5.480 7.?78 -1.61 4 2 .815

O 11 Z5 25 3.992 A.446 -9.34t 5.664 -5.465 5.382 10.021 6.85S MA
+11 12-14 -1 IO 0.1 -56.3.0 27.401 -64.108 27.035 -54.975 20.6?e -59.702+- . .628'--S.1U 2 2.778 riA

-lIB 17-14 -150 0.1 -57.132 21.791 -59.413 27.491 -49.865 2?.341 -59.176 29.651 rA
tV1 o(ADJ) 23 1.0 - 8.929 0.289 9.404 0.264 9.359 0.2/1 9.722 0.345 W.

-V, 0 (wD3 24 4.0 - 4.812 0,290 -4.202 0.254 -8.190 0.203 -0.4L5 0.298 i
0154 25 C5 - 105.366 5.760 91.286 3.9?7 91.997 7.904 88.091 2.746 S

VOL 1 26-27 0 .400 0.230 0.018 0.271 0.02x 0.271 0.019 0.785 0.026 9
VO 2 n-29 0 1.500 0.833 0.021 0.845 0.0Ž2 0.829 0.071 0.1'At, 0.080 V
10 16 - 0 .ý00 0.123 0.0017 O.089 0.003 0.6q4 0.906 0.091 0.008 A
IG 17 -10.0 0 -0.855 0.966 0.0)7 0.021 -0.M41 0.046 -0._0) 0,143 A

1., 18 0 .106 0.048 0.003 0.014 0.004 0.019 0.005 0.070 0.002 A

1,, I 19 0 :100 0.04- 0.003 0.070 I 0.002 0.0 7D 0.0O1t 0.011 no002 A

a 20 0.5 -5.0 4.113 0.2144 4.225 0.221 4.619 0.9 .1 f029 W

"2221 -4.0 0.5 -2,951 0.2,6 I -2.850 0.191 2.101 0 . 0.109 Wi
7OS 22 20 20O 163.697 5,014 171.275 4.336 161.893 3 45

15 30 j270 171.924 139672122.250 12.227 203.571 .0 aal j..1 E

- - ________ -- ~ ----- ____C12___
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1.0 INTRODUCTION

Valid accelerated life test results at ambient temperatures up to 250%C

depend upon the selection of the proper bids circuit. The existing MIL-M-38510

bias circuits were evaluated up to ambient temperatures of 275'C. In those

instances where the existing circuit was unacceptable, or a MIL-M-38510

circuit did not exist, several candidate circuits were evaluated to find a

bias circuit that J

(a) Maintained maximum rated voltage at the device terminals over the

temperature range to provide maximum acceleration of surface effect

failure mechanisms.

(b) Maintained the device current at a controlled low level to minimize

failures due to thermal runaway and electromigration.

(c) Maintained a consistent set of internal microcircuit stress (primar-

ily voltage) conditions over the temperature range. A drastic

difference between circuit node voltages at different accelerated

test temperatures may invalidate subsequent calculations of acceler-

ation factors.
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2.0 MIL-M-38510/IOI04 (LM108A) EVALUATION

Prior to selecting a suitable bias circuit for the LM1O8A devices the

accelerated life test bias circuit contained in MIL-M-38510!1O1D (15 September

1975) was updated by the circuit contained in Amendment 3 (22 February 1977)

and subsequently included in MIL-M-38510/IOIE. The original bias circuit (as

shown in MIL-M-38510/101D) did not apply maximum stress across the device,

therefore the circuit configuration was updated. Operation of LM1O8A devices

in the accelerated life test circuit shown in Amendment 3 indicated the

circuit was not suitable for the LMIOSA operational amplifier. The circuit

places 40 Vdc across the device through a 100 ohm resistor, 5 Vdc to the

non-inverting input through a 1K ohm resistor, and grounds the inverting

input. Two problems were experienced with this configuration: a) the 5 Vdc

input voltage results in excessive input current due to transient protection

diodes between the inverting and non-inverting inputs of the amplifier, and b)

device output voltage would switch state (due to thermal biasing) above 150 0 C.

Lowering the 5 Vdc input voltage to 2 Vdc reduced the input current to accep-

table levels, but the device output voltage would still switch state a'ove

150%C. Applying a 2 Vdc voltage to the inverting input of the amplifier and

grounding the non-inverting input provided a fairly consistent output voltage

between tenperatures of 200C and 250CC. Although the output is thermally

biased high, previous experience had indicated that most operational amplifier

failures were input related, and operating the device in this configuration

was not considered a pioblein. The average performance of five devices in this

circuit configuration is show, 4n Figures 01 and D2. As indicated in these

figures, the output voltage is high and corsistent (between 35 Vdc and 39 Vdc)

at amoient temperatures above 2000 C. Also, the input bias current is below 2

mA at ambient temperatures up to 250 0C. Above 250%C the total cevice current

became excessive due to thermal run.iway. During step-str..ss testin:g, thenml

runaway occurred at the 275°C step. These results indicated that life tests

could be performed at temperatures up to a maximum of 250'C. However, when

the 250 0 C life tests were initiated, 43% of the Manufacturer A devices drew

excessive current after one half hour at 250'C. All of these devices had a

7642 date code whereas the circuit evaluation-and step-stress test Qevices had

a 7643 date code. Apparently the 7642 date coded devices were susceptible to
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POWER DISSIPATION/OUTPUT VOLTAGEINPUT BIA5 CURRENT- I• (

1,6-- 50 "-

A V 01.5- 40-

1.4 
30

M MW/ V

13 
20-

1.2 
10-

100 1SO 200 250 100 150 200 250

tA 0oc) 
t ( °0C )

VCC SUPPLY CURRENT - cc

I. 2 +40 Vdc

1.0.

mA ._ _+2 VdcI I IIc

B I

.6 KA += vo

.2

L.6

100 ISO 200 250
TA (.C)

FIGURE DI. MANUFACTURER B MIL-M-3 ,510/IO1O4 (LMI1O8A) CIRCUIT EVALUATION
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I

I

INPUT BIAS CURRENT POWER (jISSIPATI•N/OUTPUI VOLTAGE
1.6 t5 0.i

1.5 
4 0  0 P I

1.4 30-4
wA pm/v

1.3 20-

"10 150 to0 250 4 D uu
TA (c) TA (0 C)

1.4 C ,SUPPLY CURRENT -cc

1.2 +40 Vdc

1.0 100,1

.8 +2 Vdc.•W,, - , cc

.42

100 1SO 200 250
TA ( 0C)

FIGURE 02, MANUFACTURER A MIL-M-38510,10104 (LM1OSA) CIRCUIT EVALUATION
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thermal runaway at a lower temperature (250°C) than were the 7643 date coded

devices, but examinations of these devices disclosed no physical difference

Lb~een the devices of each date code. Consequently, the 250 0C life test was

iareniately terminated and, after electrical testing, the devices were returned

tc life test and the temperature was reduced to 175 0 C. Thus, the LM108A life

•c:t temperatures were 175*C, 200%C and 225 0 C.

D
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3.0 MIL-M--38510/lO07 (LM18) EVALUATION

Operation of LM118 devices in the accelerated life test circuit shown in

Amendment 3 (22 February 1977) of MIL-M-38510/101D indicated the circuit was

not suitable for the LM118 operational amplifiers. This circuit is identical

to the previously described MIL-M-38510/101D circuit for the LM1O8A, and

identical problems were experienced with the LM118 (tne input bias currents

were excessive and the output voltage changed state). Operation of LM118

devices in the bias circuit selected for the LM1O0A resulted in the performance

characteristics (average of 5 devices) shown in Figures D3 and D4. As indica-

ted in the figures, the output voltage is constant up to 200*C and input bias

currents are l1ss than 1.3 mA. However, the output voltage changes state due

to thermal biasing at temperatures slightly above 200 0C and one Manufacturer B

LM11b drew excessive current at 225°C. The Manufacturer C LM118 device did

not draw excessive current unit] 250°C% Attempts to find a biasing configura-

tion that would avoid the thermal biasing problem were uosuccessful. Two

candidate circuits evaluated ini attempts to avoid thermal biasing are shown in

Figure D5 as Circuits B and C. Also shown in the figure for comparison is the

selected LM108A/LM118 bias circuit (Circuit A). Circuit B reduces the voltage

across the device from 40 Vdc to 30 Vdc, but devices still experience thermal

biasing slightly above 200%C. Circuit C maintains 40 Vdc across the devices

by applying plus and minus 20 Vdc, but total device current is higher than

wit' the 40 Vdc configuration of Circuit A. Thus, since none of the circuits

avoided thermal biasing above 200% and Manufacturer B's devices were suscep-

table to thermal runaway around 225%, the life test temperatures were selected

as 175'C, 150'C, and 125 0 C. Circuit A was selected because it placed maximum

rated voltage across the device at the lowest total device current.
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"INPUT BIAS CURRENtT - B POWER OISSIPATION/0UTPUT VOLTAGE

1.o j- 1404-
- l~y 0.8 • 1,3-[ D 40

.6 12 3C

PA.4 mu1' 
ftCI

.2.Lo

109 150 200 250 100 IS0 200 250
_A (ML) T3 (.fC)

V SUPPLY CURRENT - I1,

40 Vdc
4

3 - 2VdcO ---.*¥ 0 Vo dfdc

MA-- V0 O

1.0 15- 200 250
TA M~)

iI

FA C MIL-M- jO0O1OjjLM118) CRUIT EVALLA)J.)
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3INPUT B.AS CIRCUIT - a P1WM R DISSIPATILt1_OUTPUT VOLTAGE1.34. 14! ,, •
1.2 0 /I~ o +o 4oI 

V

/. 804 ±,20

tt -0

I -_I I I-4 
- -

100 1~ 200 2 CG 1.10 150 ?CO 0
____________ _____ ____________A ('C)_____

VC SUPPLY CURRENT -
1cc

40 Vdc

3} ~~~~2Vdc G..JV \ , 2 - ',A ý0

A2 1 10- K_< 0

100 ISO 200 250
TA (.C)

FIGURE D4. MANUFACTURFR B MIL-M-3651O/1O017 LMP8) CIRCUIT EVALUATION j
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+40 Vdc: a30 Vdc 20vdýL

+2c V- 4 d+2 Vdc

1K v 1K V Ik., +v.,

-?G Vd

CIRCU17 A CIRKUIT B CIRCUIT C
ACCEPTABLE - UNACCEPT ABLE UNACCEPTABLE

TA(-C) Ic (MA) 1 (OLS I~ (mA) V (VOLIS) I,c (ink) VQ (VOLTS)

25 1 2.6 1.3 2.5 1.4 7.5 -12.8

125 2.11 1.18 2.2 1.1o 1.

15G 1.9 0.81 1.5 0.00 6.4 -13

115 2.1 0,/3 1,5 0.61, 6.-Z -18.4

200 3.2 F,. 2 1.6 0.60 5.8 -as

22 5 2 . 9.51, 2.2 UIj.TA8LjEl 4-.5 41,

RUN d.2J' IUrAWAY. 1  RUNAWAY

"NXI S: (AV~kAGE VALUES FO'. rW.,A FROM BOYTH MA.AUFP.CTlJkE 1is.)

AONL lM,~NUFACIUkRCQ B DEVICI wJE T iN[U THERPYAL RbI'AW:.Y. AND IS NOT INCLUDED
IN THE AVERAGE.
Ml.~.t.UFAC7URF1R B'S 14 VICE OUTPUT SWYTCHED TO A HIGH STATE WHII.E KAWUFACTURER CSc
OUi PUT R.EMAINED IN THf i.OW "-TATE.

FIIGjRLD5i. MlL-;4-3835iOJLiO_(l2 18~,NIITBACRU
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4.0 MIL-M-38510/O_20..(723) L VALUATION

Operation of th& 723 devices in the ML-M-33510/:02?01 accelerated life

test bias circuit indicated, as shown in Fiqureý D6 ena DV, that the circuit

wis satisfactory for th.e Manufacturer' D devices, but unsakisfactory for the

Manufacturer C devices at life t-st temperatures above 200%C. The average

performance of five Manufacturer D devices exhibited an abrupt 300 mV change

in output voltage between 2250C and 250"C. A 300 nV change is not con-

sidered excessive. However, the Manufacturer C devices exhibited a 5 Vdc

change in output voltage between 200°C and 225°C and a 15 Vdc change between

225°r anu 250%C. These change3 are considered excessive and the MIL-M-3851.0/

10201 bias circuit was deemed unacceptable at ambient temperatures above

2C,(PC. Attenpts to find arn alternate circuit configuration that was satis-

factory above 200%C were unsuccjsful and it was decided that accelerated life

tests of the 723 devices should be conductcd at 3mbient temperatures of 200°C,

175'C, and 150%.
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OUTPUT VOLTAGE- V 0  POER DISSIPAIz• T

7.7

7.4 70'
Vdc 6060,-

7,3

7.2~ 
50-

L'L4
luo 150 200 250 100 s1 200 2Wo

TA (°C) T . AT_ (."9_

INPUT CURRENT - I,,

C L CS
4.2 4 V4

3

2

100 150 200 250
TA ("C)

FIGURE 06. MANUFACTURER D MIL-M-:18510_10201 (7231 CIRCUIT EVALUATION
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OUTPUT VOLTAGE - VO POWER DISSIPATION

2012

I 80-
-15± O 1

Vdc
101 60-

5 +5 401

S% I
l• Io 150 200 o 250 I .OU 200 250

TA (*c) TA (OC)

INPUT CURRENT - itH

10 / i ,1 . 04-j 2I
100 150 200 250

TA (°C)

FIGURE D7. KA4IUFACTUREII C MIL-M-3510 i1021. (723) CIRCUIT EVALUATION
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5.0 MIL-M-38510110701 (LMl09) EVALUATION

Operation of five of each manufacturer's LM109 devices in the MIL-N-38510/

1(701 accelerited life test bias circuit indicated that the circuit configura-

tion was satisfactory for life testing at ambient temperatures between 200%

and 250 0 C. Results of the LM109 bias circuit evaluation (average performance

of five devices) are shown in Figures C8 and D9, and indicate the devices are

in their thermal shutdown mode above 1751C. Although this is not the normal

mode of operation, most of the microcircuit junctions, especially the failure

prone input transistor junctions, are stressed in a manner similar to normal

operation. The output voltage also remains low (I Vdc) above 2000C. and the

total device current is less than I0 mA. Thus, the circuit meets the estab-

lished criteria for an accelerated life test circuit at amoient temperatures

of 2500C, 2250C, and 200 0 C.
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OUTPUT VOLTA VI INPUT CURRENT I

5 10o

2 4

2

-fi -ý-ý------+----4-t-- -EH-- -±-1 I • I I 1
100 150 200 250 100 IS O T 2 2()

_ ( C ) _ _ __T__ _ A (_C )

200 POWER DISSIPATION

160

140 +:'5 wdc__% r
IP~JT GND~

120 .2 K--

100 150 200 25U
TA ("C)

S.M.•A.,-NFACTURER E MIL.-M-38_510OL]0O1(MI_0Q)_CIRCUIT EVALUATION
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OUTPUT VOLTAGE - V 0 INPUT CURRENT - 'IN
50

Vdcr 0----0-O--o

2 4--

100 150 200 250 l0oo I-O 200 250
'A (oC) TA (°C)

POWER DISSIPATION

160

140 4 OU du

mw120 22 r WO 0N

80 -t =

100 150 200 250

TA (C)

FIGURE D9. MANUFACTURER 0 MIL-M-3B510/107GI (LMI09) UIRCUIT EVALUATION
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6.0 MIL.-M-38510/10304 (LMII) EVALUATION

Operation of LM111 devices in the MIL-M-38510/103A accelerated life

test circuit shown as Circuit A of Figure DIO indicated the circuit was not

acceptable for use as an accelerated life test circuit. In this circuit the

output was tied directly to Vcc, which forced the output to a high state and

caused the device to draw excessive current at tenperatures above 200'C. The

circuit was modified, as shown in Circuit B of Figure PlO, to current limit

the input and output pins. Although this circuit operated acceptably, the

circuit was modified at the request of RADC to apply the maximum voltage

stress at the inputs. This circuit was evaluted, Circuit C of Figure D1O, and

operated satisfactorily up to 250'C. The results of the bias circuit evalua-

tion on this circuit are shown in Figures D1I and D12. However, to maintain

the output current to a reasonable level if the device should fail with the

output in a low state, the resistor tied to the output was changed from 1K to

5K ohms for life testing. The input current was not sufficient to warrant a

current lmiting resistor; therefore, it was removed from the positive input

(pin two) and this input was connected to VCC at pin eight. The final life

test circuit is shown in Figure D13. The life test temperatures were selected

to be 250 0 C, ý'25C, and 200 0C.
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O,+ 10 30 VY>+30 Vdc

130Vdc ,30 Vdc -
530ýi 1 Ko +

+5 Vdc I K. V

CIRCUIT A CIRCUIT B CIRCUIT C

UNACCEPTABLE UNACCEPTABLE ACCEPTABLE

TA.cIcc (n) IVcc (VOTS) ICC (mA) IIN (.A) V0 (VOLTS)I CC (W) IN (,,A) V0 (VOLTS)

25 2.156 30.U30 1.962 ? .04 31.233 2.519 0.0 30.003
100 1.34 30.028 1.249 0.039 3G.B33 1.350 0.0056 29.990
125 1.08 30.034 1.006 0.035 30.668 1.098 0.0034 29.997
150 0.86 30.021 0.775 0.022 30.570 0.877 0.0034 29.997
I Y 0.676 30.024 0.592 0.0?6 3C.445 O.bSO 0.0652 29.998
200 4.368 29.83R 0.473 0.265 30.249 0.650 0.315 34.354
225 7.79 29.647 0.478 2.90 22.616 0.589 2.31 20.070
250 5.012 ?9.791 0 503 8.02 25.795 0.530 7.85 25.276
275 THEPMAL UNSTAULE 2.301 48.4 16.139 1.989 36.4 16.161

RUNAWAY

AVERAGE VALUES FOR 5 DEVICES

FIGURE D10. MIL-M-38510/10304 (LM11I) CANDIDATE BIAS CIRCUITS

D18



I
INPUT BIAS CURREIT - , POWER •D•5IPAT'ON/OUTPIJT VOLTAGL

1640 0 2750C 5 165roW @ Z75°C

-8.0 40

.6.0 30 30rl"

-4.0 20 20

-2.0 010

00T (xm,)200 300 0 100 TA (eC)?£6 3UfU

VCC SUPPLY CURRENT - ICC 30 Vdc

4 1KR 580• 1 K•
3 IB + ". 7 vo @ 30 Vdc

g I

0 10 2000
.1 A (OC)

FIGURE Dil. MANUFACTURER B ?,38510/10304 0LM11) CIRCUIT EVALUATION

1 9 ,



INPUT BIAM CJRikLrT - I POWER DISSIPATION•/UT'JT V'OLTAGE

_3 6 •A @ 2 7 5 oC 2 5 0
-4.O• 200.- • V

/ 30.0

r- 
mU0I0'2,

100 20.0

1.0 - 50 O ,C

ion -,,2(3() 300 0 10 3001O O L , I • )h, ~ . . .0

V SUPPLY CJRRE[T - VCC 30 Vdc

401 580Q IKR( 'Xcc
3.0 0vO @ 30 Vdc

3 --

0 100 200 300
TA30

D2. 0



.I

I

IJ30 VVC

.i

MONiTOR 0v cc 58I5K
+ cc

~ 0

FIGURE D13. M38510/10304 LIFE JEST CIRCAJT

I~2I



APPENDIX E

CHARACTERIZATION TESTS

TABLE OF CONTENTS

SECTION PAGE

1.0 INTRODUCTION . . . ..................... E2

2.0 DYNAMIC TEST RESULTS ................... E3

3.0 RESULTS OF TRANSFER CHARACTERISTIC STUDY . . . ....... E13

4.0 REFERENCES ............ ........................ ... E48

ElI



1.0 INTRODUCTION

Charactcrizati on tests v#ere performed tr suppl2ment the device electrical

performance information obtaited durinnr inltiJ; electric.il testinc,, The

characterization testing was performed on a sample basis and corsisted of two

test gr,'ups; dy,'nmic testing, awsd trarsfhr characterist.ic studies, The

dynamic test group consisted cf ten of each maniuficturer's device type

vhct had passed the initial '¶aselire etests. These devices v'ere subjected to

all the M]IL-M-510 Group A tests not performed during bazeline testing.

Although these devices were tested to the MIL-M-38K1O specific]t iors, oily one

device, the Mdanfacturer D 723 device, was a JAN qualified device. This may

account For the large number of failures nuted in the dynamic testing. Toe

transfer characteristic group consisted of twoof each manufacturer's

device type. The transfer characteristics of these devices were examined

under varioius conditions of temperature, load, voltage and frequency.
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2.0 DYNAMIC TEST RESULTS

The results of subj,ýccing ten of et.h manufacturer's device type in

the M;L-M-38510 dynamic test subgroups are contained in the following sections.

The dynamic tests subgroun; are those contained in the specific revision of

MIL-M-385i0 shown in Table El. Subsequent amendments and revisions of the

particular MIL-.M-38510 documents have revised the limits, and in some cases

the ccndcftions for the dynamic subgroups. In most cases, the revisions have

widened the limits so thut more devices would now pass these tests. The

results or subjecting ten of each manufacturer's device type to the

MIL-M-38510 dynamic test qubgroups are as follows:

2.1 MIIL-M-38510/10104 _(LMO28Ai

The resutIts of the cdynamic tests for the LM108A device are sunhnarized in

Table E2. Five of MdnufQcturer B's devices failed the transient response

overshoot test at 25%0 and all ten devices failed at 125 0C. Figures El and E2

shotr the transient response curve of a typical good Manufacturer A device arcd

of a failed Mianufacturer B device at 1250C. The Minufacturer B device e:hii-

bited considerably more ringing and higher overshoot than Manufacturer A's

d'evices. Five of Manufacturer A's devices and two of Manufacturer B's dev'!ces

also failed the positive slew rate teAt at -55"C. Two additional Mi)nufacturer

A's devices also failed the three Input Offset Current Sensitivity tests at

-55"C.

2.2 MIL-M-38510/I0107 (LM1hII

Tabc. E3 shows the results of the LM.18 dynamic tests. Nine devices from

Manufacturer C failed the 25CC and 1250C positive slew rate test. One devce

of each manufacturer was inadvertently destroyed during the positive slew rate

test at 250C. Also, there were four Manufacturer C failures at -550C. The

minimum for this test was /5V/ 1,s. Nine of Manufacturer C's devices also failed

the negative slew rate test. Comparison of the two manufacturer's devices as

to slew rate indicate that Maniufacturer B's devices are faster and have less

sensitivity to tUmperature for this particular test. A.ll Manufacturer C.s

E3



TABLE El. M38510 SPECIFICATION LJSEL FOR DYNAMIC TESJING

MIL-M-38510
SPECIFICATION REVISION

/101 D - 15 September 1975

/102 A - 10 May 1974

/103 B - 8 March 1977

/107 A - 15 November 1977

E4
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TABLE E3. MI--8I/.17CAPCEIU O TLS1 &IjMMARY

Paagtr.ope,-aturt PIAn. . ,C Mjnujf. 9
_)_plan____ talled Kea~n Sir F.ared

25 23.10 0.78i~ 0 17.00 1.000 0
Trsttreo~~Ws

9
t) 2 27.00 2.872 0 20.7b 1 .641 n$

-55 22.30 1.000 0 10.33 1.000 0

25 6.800 1.396 0 6.0 O.T4u 0
Trinsint epnseIR at 12 1300 .94 0 17.0 1.578 0

-55 4.100 0.48) 0 Soo0 0.527 0

2S S9.41 8.608 9 1.2 7.040 0

Situ, rate (. 125 'D.39 16.26 9 4109 5.504 .
-55 73.18 7.609 4 118.7 6.959 0

25 01.44 9.509 1 {75.51 3.064 0
ýIr rate 125 39.08 1.259 9 51.4S 2.200 0 MI

-ES 77.08 fl.C) 0 81.66 .765~ .3

I.,put offse 125 n. 02 7.428 10 6.359 A9~ 0
vY1 t'ge t4perature AV,0 (.15) -/ II -, t 5 44.43 2A 10 17.59 9-408 6

AVIIIVt /Ajj& 12f 215.62 3.2!4 10 1 .258 5.6 0 V-
.55 'tR 1.1 I10 .74 1.30 1

OW 0 io) AT 125 25.C?_1 1.401 10 6.553 5.1'

10 4 M 1288 10 17.82 s~

nflD flet 125 36.31 11.27 0 2SJA 37.10 0 PP

sensitivity -15 .55 *?6.19 2M.) 1 35.39 7.1 0

411010 75) /AT 125 £2.25 10.10 a 410.6 05 .;7 0 P~AP
-53 32.16 41,09 0 48.5-n.0 0

000o~~ -5 -5.120 142.8 0a 0~ '16.14

25t~e 302.0 403.06 0 0. 3.S

-3 35G.: 24.05 0 M5.0 20.21 0

25 AMI.0 17.45 a 422.5 107.5

120 M8SUM 33.00 C 400.0 149.7 l

-55 ?0.06 0 292.5 4.1

------ - - :TOIAL FLULEO 1 TO TrAI. IARI6 6

I. Ne, devilce of each (lam-1
7
acturer was aciCCden&Vly ý.ILMItr-1(41y deinqged ill

t114 test SetuP 'rdc~d1ing this s4114..l sizp, tc ni.na ()) dtvict,.
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devices also failed the Inpuc Offset Voltage Temperature Sensitivity Tesýt and

six of Manufacturer B's devices failed the 250C to -55°C portions of this

test.. As car, be seen from tne data, the offsek voltage of Manufacturer C's

devices is rioe than twice as ,ensitive to temperature as the offset voltage

of the other manufacturer's devices.

2.3 MIL-M-38510/]0201 (723)

The results of the 723 dynamic tests are shown in Table E4. All of Menu-

facturer C's devices and four of Manufacturer D's devices failed the Line

Transient Response test. The four Manufacturer D failed devices are only

sliyhtly out-of-tolerance, whiie the parameter value of Manufacturer C's fail-

ures are an order of magni+ude greater than Manufacturer D's failed values.

2.4 MIJ-•,-38510/10701 (LM109)

The results of the dynamic tests for the LM109 devices are shown it.

Table E5. One of Manufacturer D's devices failed the Average Temperature

Coefficient of Output Voltage test at 25% to 1250C, and eicht failed the same

test in the 250 C to -55°C temperature differential. The Manufacturer D

failures in the 25bC to -55C(, differential test, however, were the results of

start-up problems in the -55%C tests. The VOUT test for these devices

failed at -55'C due to start-up problemns at this temperature. Three of

Manufacturer B's devices failed this same test in the 25%C to +125 0 C ternpera-

ture differential. Nine of Manufacturer D's devices also failed Ripple

Rejection at i25%C and 100 kHz. Two of these devices also failed Ripple

Rejecticn at -55°% and 100 kliz. Ail Ripple Rejection failed values were only

slightly below the 60db min;mun limit and except for one failed value all of

the values were less than 60-0.5dB. This device subsequently failed both the

1250C and the -55% Ripple Rejection tests. Also, five of Manufacturer D's

devices tailed the Load Transient Response test at 25%C and all this manufac-

turer's devices failed the test at 126°C and -55°C. All of Manufacturer B's

devices also failed the -55'C portion of this test. Manufactuyer D's devices

were very sensitive to load transients. Both manufacturers exhibited sensiti-

vity to load at -55'C.

L8
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TAOLE E4. MIL-M.38510ZL_201 (723) CHARACTERIZATION TEST SUMMARY

Ambient Kar, f. 0 Kanuir. C

Parameter Test Tmp.. Units
m ean Sigma M ean SIgMA No.Faileý

Ave-age Temp. 125C 0.006 0.001 0 0.002 0.001

Coefficient (TCvout)o
of Output 

v,@c

Vclta~e -55"C 0.009 0.001 0 0.006 0.001

_ _ I I - -_ _ _ _

Rip.•le hy In nn_ cREF- 87.23 1.612 o 90.43 2.264 0
Rejection kt.vOt 0 .... _____ 25- - - ______ -__ _ I- I dB

25"CREF- 77.85 1.567 0 77.66 4.091 0

(upý2e CRF 2.560 0.640 0 20 0.0 0Outpu • iN° 25 _I 2.'i 03

Noise N pF. -

25'C CREF- 42.r0 32.90 0 42.40 27.70 0

FI I VF

Transient lkyouti 25"C 1.107 0.180 5 12.70 7.25 10Response \Aý01. ..P -
Load AVout
Trdrý;Ier.t t, -L "t eS' 0 " "- --
Retponse .'L -0.10 0.004 -00 0.006 0 MA

TOTAL FAILED S 5 TOTAL FAILED 10
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TPBLE E5. MIL-M-38510_ 10701 (LM109) CHARACTERIZATION TEST SUMMARY

Manufacturer D Manufacturer B

---rtm n MnN Number 1Number
--Fatrar, te-er - FTt-sAmbient Mean ! Failed Mean Sigma Failed Units

Average Temperature v UT 125C 0.59 0.31 1 0.99 0.99 3
Coefficient V - .. -. -- mV/

0
C

Output Voltage -5C 30.2 23.5 8 0.52 0.14 C

10 llz 82.7 6.25 0 68.0 078 0
00 kHz" 618 1.47 74.0 09 0

- '--" -7- - ---
ipeRecio 1Hz 78.7 4.511 0 66.6 1.20 0 dBRipl Rec-~o100 kiz 58.8 0.78J o 58 05

00 ~ ~~~~~ 'Qj 84 10 60I078 0
100kMz 61.6 2.96 2 80.8 0.84

Output Noise N 250C 41,9 1.79 Q 27.0 .01 0 p

Line Transient VOUT 25°C 1.72 0.12 0 0.78 .54 0
pesponse IN 125% 1.091 0.14 0 .i 0.12 0 U aV/V

- C1.95 0.10 0 1.34 1.97 0

Load Transient 251C 1.491.0.73. . 5 0,52 0.08_ 0
Response ]25C 1.281 0.03 1 .791 0.03ý mV/r

55°C 17.4 5.17 10 11.051 3.58 10

Currant Liaiiting ICL 250C -. 93 0.05 - 0.00 .io U
Point _

Thermal Shutdown _J(sh) 162.2 3.59 0 1 57Z9 . 7 7
Polnt ___.___ I

TOTAL FAILED 10 TOTAL AILED 10

EFIO



2.5 MIL-M-38510/10304it fl]j.

The resulcs of the LM1J! dynamic- test results are shown in Table Ed. One

Manufacturer D device failed the test at 25ýC. While at 125 0 C, nine of

Manufacturer U's devices and ten of Manufacturer B's devices also failed the

tRHC test. Two additional Manufacturer D device failures occurred at 125°C

during the tRLHE tests.

The current MIL-M-38510/10304 (8 March 1977) does not include the emitter

response time tests (tRLHE or tRHLE) and the test limits for the 125%C

collector response time were expanded. Seven Manufacturer B devices and two

Manufacturer D devices would pass the revised tRLHC tests at 125%C.

Ell



TABLE E6. MIL-M-38510IO3 4 (LM11IICHARACTERIZATIOrN TEST SUMMARY

TEST N EIJUMBEI ..... NU,--R
PARAMETER AMBIENT M.AN SIGMA FAILEE MEAN SIGMA FAILED

RESPONSE TIME tRLHC 250C 140.0 16.3 0 259.0 50.6 1
(COLLECTOR) 125 0C 637.0 109.0 10 986.0 358.0 9

-55%C J19.0 8.6 0 132.0 9.8 0

t 25°C IE5.0 i0.3 0 165.i1 4,7 C
125°C 259.0 41..9 0 244. 13.8 0-55"C 142.0 8.9 0 148.0' 12.6 0

_____ ________ ___ - - _ ____ ---- _ -

RESPONSE TIME tRLHE 25 0C 438.0 25.6 0 367,,0 20.8 0
(EMITTER) 1250C 1338.0 157.0 0 2126.0 944.0 2

-55 0C 348.0 18.0 0 275.0 16.3 0

tRHLE 25'C 840.0 46.4 0 824.0 50.8 0
125 0C 1544.0 115.0 0 1942.0 126.0 0
-55CC 571.0 39.2 0 556.0 22.71 0

TOTAL FAILED 10 TOTAL FAILED 10
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3.0 TRANISFER CHARACTERISTIC STULJIS

Devicc transfer characte-istics (output vo)ltage as a function of input

voltage) were evaluated to determine the device resporise to variations in

temperature, supply voltage, load conditions, and frequeny.. Transfer func-

tions were obtained by testing two '2) de~iccs from each manufacturer on a

curve tracer or test fixture a.id varying the conditions sucIh as temperature,

frequency, load, and supply voltage. For the regulators (.MIL-M-38510/11J201

and /10701) and the /1010-a ope-atioal amplifier varying the load conc.iluions,

had the most dramatic effect. Fur tha /10107 operational amplifier, varying

the temperature produced the more notable effects. The LMI31 devices were

affected by variations in both ½.cad zr;d temperature. The specific test

conditions for evaluating device transfer characteri',tics are detnilpe in

lables E7 and E8. The Pdrticuh.r eff(.ts of varying these test conditions are

noted in the following sectiWns:

3.1 MIL-M-38615Th/l.0104 (LI4M

CoIparison of the two curves shown in Figure E3 revealed that Marfarct,,-er

A's d&vices exhibited much more linearity '-ha" Manufacturer 13's devices.

Non-Iinearity is caused by differences in the thermal gradient between the

Dutput ind each of thE input transistors. Manufacturer As die layout has the

inpuu transistors criss.cr;ssed as shown in Figure [1-, to equalize the thermal
e,-I;ects,

However, the s oe 01 Manufacturer A's device curve is positive, and not

t1ie uxpected negative spopr of an ideal amplifier. This inversio, of the

sope is caused by thermal feedback [1]. Varyiny the temperature had very

litlIe e-tect on the lineirity of Manufacturer 1B's devices, as is shown in

Ifigure LB. Varyn"ng the l.iau had no measureable effect. n Manufacturer A's

devices but an increase i;, 1iad res'istance, a c hown in Figure [6, did ,ud to

reduce the n•on-linma.ty of t1,tnufacturar B's transfe. curve.

Ide,)lly, an in.crease in the operating frequen,.cy should impruve Lhe

linearity of the device sci•ce effects of them.l gradients are minimized.

LI 3
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TABLE E7. OPERATIONAL AMPLIFIER/COMPARATOR TEST CONDITIONS

0C.'ICE. TE'r A,4BIEN! LOAD FREQ PQWE3 COMMA
TY,'E NUMBER TEMP. RESI1TANCE SUPPLY WJDE

('C; (oth) (lz) • (VYc) (Pdc)

L.M.0rA 1 25 20K 0.1 40o.C 0.0

2 -55 20K 0.1 *Z0.0 0.0

3 125 20K 0.1 120._. 0.0

4 25 10K 0.1 "20.0 0.0

S 25 50K 0. -20.,0 0,0

6 25 2OK 4M *20.0 0.0

7 ?0.. 0.1 . 12.5 n.0

8 25 20r 0.1 .5.0 0.
9 25 20K 0.1 +20.0 ÷10.0

1o 25 w 0.1 29!.0 -10.0

LM118 1 25 1OK 0.1 _20.0 0.0

1.-0OK . ,, I. O~
-s l 0.1 +2 0.0

3 125 10K 4(.1 +2U.0 0,0 1

4 ; 5 • 0a.) 421.0 010

5 25 50K, V.1 <.20.0 (J-O

6 25 IOK . +0.0 0.0

"".1 I , 1O

7 2I l:r& (. .1 +.5 0.0

25 I i G.1 +. 5.0 U.0

21,1. 10 0. 1 0.0 1-

1. 25 lOK 0. 1 +O.0 -AI.0

tLN11 I| ?b, 0.) +12.0 0.0

? -F ZN !. 1 118),0 CIO

3 15 2K( M. '!8.0 ilo0

4 25 lK 0.1 a.iz. o.t
$ 25 t, 0.1 41B.C O 0.G

6 Z" Lv -25 ,' .0 r,.0

7 ?b,= A I.OK, 41,e.O 0.0

fa I.u 0.I
9 2, -N 0.1 Z. 64. 0.0

10 ?s ZY. . ~ ,1 8.b u +1?.o
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TABLE E8. REGULATOR TEST £QNJITIONS

TEST CONDITIONS
DEVICE TEST AMBIENT I1. FRLQ

TYPE NUMBER TEMP.
(0C) (mA) (Hz)

LM 19 I 5.0 0.1

2 -55 5.0 0.1

3 125 5.0 09I

4 25 S0.0 0.1

5 25 500.0 02.

6 25 5.0 10.0

7 25 5.0 1000.0

723 1 j 25 1.0 0.1

2 -55 1.0 0.1i

3 125 1.0 0.1

4 25 10.0 0.1

5 25 50.0 0.1

A'.
6 25 1.0 10 .0 •'-

7 25 1.0 lOOto I ,A

Li
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However, attempts to obtain t,-ansfer curves at frequencies above 1.0 Hz

resulted in excessive hysteresis for both manufacturer's devices, as shown in

Figure E7. Thus, our test results were inconclusive as to whether the

increased frequency would have an effect cn tiL transfer curves.

Varyin, the device supply voltag? had little effect on the slope or

lineaity of Manufacturer A's device transfer curves, but decreasing the

supply voltage did improve the linearity of Manufacturer B's device transfer

curves, as shown in Figure E8. However, decreasing the commor mode voltage

decreased the slope ( VIN/ Vo) of the transfer curve and also tended to

exaggerate any nonlinearities. Figure E9 shows the operation of Manufacturer

A's devices under common mode conditions of +10 Vdc, 0 Vdc, and -10 Vdc.

In general, the linearity of the MIL-M-38510/10104 (LM1O8A) transfer

curves was affected by changes in temperature and load. The slope of the

I.MI08A'! transfer curve was most affected by changes in common mode voltage.

3.2 MIL-M-38510/10107 (LM118)

Figure E1O shows the difference in linearity between the two maqufacturers

ofr the MIL-M-38510/10107 devices. Ali.hough the die layout of Manufacturer t's
devices is sir~lar to Manufacturer B's layout, the fonrer transfer curve

exhibits much less linearity. Temperature had little effect on eithar the

1 ýnearily or the slope of the tra,-sfer curve for Kanufocturer C's devices, as

is showin in F!!'ure EU1. However, tKe curves of Figure E12 show that for
4anufict••;:r B' devices, operating them at -b54*. tends to decrease the slope

of the curve.

IncteFising the ,oad resistarnce slightly increased the sll;pe of M.nufac-

,urer B's devi,:es but hao little efect.t on the linearity of ti, curves.
loe •.:, 1ncreasih' the o,1 d resistance of Manufacturcr C's deviceE rewo':d

most oV t!e non..1inrity ,, as shoon in Figore E13.

lVariaLion iii power s uppl Iy ,'olt&ge ond cunciron mole voltage had miir imia

effc(ct uo t.ho lineority of the tranýý,fr .A)lots, as i stiown ii; F-iquvvs 12...' ,nd

E20



MIANUJFACTURER A FRLQ =4.0 HZ. MANU[ACIURER B FREQ 4 HZ

v 2o.Vcc +20 Vdc v 0 &'/1IMV.
TA =20,O Vol 0 Vdc. V IN 0VD .

rR1 0KQ VFRQ 4S NOTED

FIGURE [7. ,13850/~1 0104 (LM1O8A) 1PICAL TRANSFER CIARPICTERISTICS VS. FREQUEHCY
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v cc /- IJ N V C,; -10 Vdc VC +20V V cm 0Vdc

v 0 5V/DIV.

v lOV/-30V VM cm +10 Vdc

MANUFACTURER A v c A-) NOTED v 0  10iV/DIV.

T A = 25"C v CM AS NOTED (UNLESS NOTED)

R ? 72KQ [RLQ =0.1 HlZ vIN =2O0pV/Dl V.

F1GL'RE E9. M38biO 10104 (E1lUCA) TYPICAL TRANSIFEk CHARACTI RISTICS VS. COMMON MODE
VOLTA(;E
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E15. Like the previous operational amplifier, the /10107 devices exhibited

excesive hysteresis on the curve tracer at frequencies above I Hz, as is shown

in Figure E16. Thus, the response of the device to frequency was not determined.

3.3 MIL-M-38510/10201 (723)

There were no major differences in the transfer plots of both manufac-

turer's MIL-M-38510/10201 devices. The output of both manufacturer's devices

varied only 50 millivolts when the temperature was varied from 125%C to -55'C.

However, Manufacturer D's device has small (200 - 300 mV peak-to-peak)

oscillation at -55°C. The devices also exhibited very little sensitivity to

load, as is shown in Figure E18.

The transfer plots showed considerable hysteresis at frequencies above 5
Hertz. This was found to be directly related, as shown in Figure E19, to the

capacitor across the non-inverting input and V-. The transfer plots were run

with this capacitor removed and the Plots, as shown in Figure E20, showed
little sensitivity to frequency nther than a slight decrease (.2 - .3 Vdc) in

the output voltage at the higher frequencies. In general the MIL-M-38510/10201

devices exhibited very little sensitivity to temperature, load, or frequency.

3.4 MIL-M-38510/10701 (LMIOE)

Manufacturer B's7 MIL-M-38510/10701 devices exhibited line regulat4on char-

acteristics with 50 mA of load current similar to those with 5 mA. Also, both

manufacturer's devices were relatively insensitive to changes in ambient

temperature, as is shown in Figure E21. Subjecting the devices to a constant

500 milliampere load at 253 C without a heat sink induces a sufficient junction

temperature rise to cause the devices to go into thermal shutdown.

E29
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Thus, the devices were subjectea to a 3nn microsecond 500 millianfpere pulsed

load Jt 50; td'uty cycle. Figure [22 shows that there was miniml deviation in

out',ut ihen the devices were operated at junction temperatures below their

rated shut-cdo.n temperature. Since the 500 mdiiliampere load curve was made

using t~e [Jised node of the curve tracer, a magnified curve of the output

voltzge wa! not able to be s.:ade. The devices also exhibited little senitivity

to f:-.equency except that Manufacturer, B's device exhibited an increase in

line regulation at the 1.J kHz frequency, as shovin in Figure E23. In general,,

the M'L-,-38510/10701 devices were relatively insensitive to temperature,
loadj, and frequency with the restriction that the load duty cycle does not

cause lh.-; junction tempe;rature to exceed the thermal shut-down temperature.

4
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3.5 MIL-M-38510/10304 (LM111)

The MIL-M.-38510/10304 transfer characteristics were performed for the

collector (pin seven) output only and a comparison of Manufacturer B's and D's

devices is shown in Figure E24. Varying the temperature degraded the linear-

ity of Manufacturer B's devices as shown in Figure E25. At an ambient temper-

ature of -55*C the slope of the transfer curve increased while at 125 0 C the

slope of the curve is distorted. Temperature variations improved the linear-

ity of Manufacturer D's device transfer curves as shown in Figure E26. The

slope of the curves also increased as the temperature increased From .-55'C to

+125 0 C.

Similar- results were noted in both manufacturer's devices when changes

were made in the device load conditions as shown in Figures E27 and E28. A

load resistance of IOK ohms in each case provided the best linearity and only

slight differences were noted between the IK ohm load and 2K ohms load curves.

Fioure E29 shows the effects caused by varying the input frequency of

Manufacturer D's devices. These results are inconclusi,;e since the effects

may have been related to the test fixture and not to the device under test.
,Ianufacturerr B dtvices exhibited similar curves at frequencves ot 1.0 Hz

and 1.0 kHz.

Variations in the supply voltage had no effect on the linearity or slope

3f either manufactur'er's device transfer curves. Changing the common [node

voltage of Manufacturer B's 6evices likewise had no effect on the transfer

curves. However, the linearity improved on bc.th commor mode voltage transfer

curves (q-12 Vdc) for Manufacturer D's devices as shown in Figure E30.

The MIL-M-38510/10304 is most affected by changes in ambient temperature

and load resistance. For Manufacturer D's devices, optimum performance is

provided by reducing the ambient temperature or by increasing the load resis-

tance. Manufacturer B's devices are adversely affected by either temperature

extreme; however, at an ambient temperature of 25%C and load resistance of 10K

ohms, Manufacturer B's devices provided an optimum transfer curve.
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1.0 !NTRODUCTION

This appendix presents a condensdtion of the failure analyses performed

during the program.

10 facilitate reader use of this appendix, an overview of all failure

dalysis results is presented in Section 3.0. Individual failure analysis

reports are contained in Sections 4.0 through 8.0, and the paragraph numbers

for specific reports are cross-referenced in the Section 3.0 overview.
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2.0 PROCEDURE

All parts that failed an electrical test during Step Stress and Accele-

rated Life testing were analyzed to determine the particular failure mode,

failure mechanism and probable cause of failure. The general analysis procc-

dure was as follows:

1) All failures were retested on the automated microcircuit tester to

verify the failure, and to obtain final dc electrical parameter

measurements.

2) Failed parameters were confirmed using a curve tracer or, if necus-

sary, a bench test set.

3) The failure was isolated to d specific junction or element to the

extent possible via external pin-pin curve tracer measurements.

4) Failures were classified into subgroups (failure categories) onl thc

basis of the analysis findings.

5) A representative sample of devices from each subgroup was subjecued

to a detailed analysis.

6) The remaining samples from each subgroup were subjected to the

following steps to confirm their categorization and to obtain any

additional information:

a) Unpowered Bake - Each device was subjected to an unpowered bake

and retested at 25'C to obtain post bake electrical data. The

exact time and temperature of the bake depended on the time andi

temperature at which the failure occurred. Usually, an ovevi~iiht

bake (16 hours) at the test temperature sufficed.

b) Leak Tests - Each device was subjected to a helium bomb fine leak
test and a fluorocarbon gross leak test.

c) Delidding - La.h device was delidded and subjected to routine

optical examinations and documentations.
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3.0 FAILURE ANALYSIS OVERVIEW
I

Su•naries of the failure analysis results for each device type are

contained in Tables F! through F5. Each table cortains a brief description of

each of tho different failure symptoms, failure modes, fdilure n,.chanisms,

causes of device failure, and a paragraph number reference to the related

failure analysis report. Certain random failures were not analyzed in detail

and ark' not discussed in the reports, thus ro reference paragraph number is

listed for them.

FI
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TABLE f:3-1. MTL-M-3851O/1O1C'7 (LM118) FAILU(~E ANALYSIS SUJMMARY

A. f, t[; FAPAllf TIB Ok SYKI/'014S 1 )UAh'ITYCT FAILURBES /M0 TIMI OF AILUBE (lOJRS) byB TEST CULL F/A

b. F/lIIu"( 4301 MAO4iACTD,,,R B T F1tkN.CATURLB R EPORTA
C. FAIIJA' IIEC-if)IISh S P ACCULIRATED [LIFE STEP AMLERBAE3 LIFE PARA-.

I;. CALUIA 0 FAILU I S11L11TA111
-____ Ž5C tt~c ?sc12c solc i;s*c

A V. -Hfo ýNAJP ". 3kl1?S:L SM4 151@ 2831
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JUNCTION Of1 113 118911 TRIIASISILA
DI. MOII}1LE lOBS IN1 THEC ASSI"&T'L'N ________ I ____- ___ __I. ~ 1P OB 183kIIEMM
D. LC6OW G ECT. ININOT IAI GE R 2@40030

- A-~ A:~ Pil I-IEI*U'TLN f- I 10WO C -

L. VPIA L'LBB UP OF1 4.4

11. "1-(OATL M5E'1. OR IIW F01 Cl THE275
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b. K'4A1FB 1TRPtLIT SOA T UKIN

C. 611C)BBL t('..': RIU NAWA' OFI
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A. V. LA,LI[(; U'I? X14001- 4.6
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B. OK NII I'.E 5(1'UBL 'Vi'Oh1 ~t18
C. LECIPI CMVEIBGI I

~A I4110 v8 10 jN 1,l Rt.~L -

C. P 14DICO1?0

TO-TAL lIO~l B~ 31 fAIl'.U PARTS jJ j 23 Is 4 6 3 0
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1AELE F3-2. MIL-M-38510/1O01 4 (tMIOBA) FAILURE ANAL'SIS SUMMARY

A. 1AILLO PARAMITERS k SRYMPTOM% JAW'ITT 0! FAILURES :!D TIMt Of FAILURE (HOURS) BY TEST CELL I/A

I. EAItURI P9JOF MAIPJFACIORER B MANUFACTURER A REPORT

C. 'PILURL MLC!ANM ;Ep ACCLLERATED LIFE STEP ACCELERATED LIFE PARAG."I

0. CAUSE ef FAILURE STRESS 12-*' ST'E$S 1 C N MBER

A. V I P DJOR AV. I1125 °Z I14 | 10 L . LEIN 5.1

B. CHANhl CURP(.NI IRON R7 TO TlHE "Q 1 509( 11@2 3(-8 IN

SUJSTHAFEl I"7fC 4(4 2464 1(16

C. INVURSION Of THlE R) RESISTOR lIB I4225°1 c 8 2?12R 1064

D. EBAILL IONS OR CHARGES lN TR•E 1616 3@1009 3o128A

PASS IVAT ION )(1.Oo 3*0 1 00 ITZ50

4W0D 20500
• @IOOu 2@1000

A. 1lo0 l.TCH,'D UP 10O00 1266 1@6 '.2

$. .LT11 STRIPES AND SHORIEO JJ'fCTIUhS 2@2000 40500 3064

L. 11LR'A• RlAN.AWA AT 06 4@4000 4@1000 @12B

D. UNKNOWN 1@2000 10256

3@4000

A. AV S i41 If500 2014'0 5.3
P. NOT DETERMINED (PECOVERED) 19 10 MOO0
C_ SURF ACE INSIABII T ( 201000 1@4000

[I. PRAUABLf IONIC CONTAMINATION @-2000

A. I 10 xof i 1@ 1() 194 1F16 5.4

U. PRC1ABLT 0F6RADID INPUT TRANSISTORS 128 10600 1@32 1016 2@i28

C. PROU&SI1 CHARGE ACCUMULATION 1064 l1864

TE, IST ANOMA IR tSTATIC DISC.EARkE, ) -

.1?5*C FAILURES AND RANDOA FAILURES - hOl ANAlYZED IN DiTAIL

A. V 10 P .125%C ONLY 143(410 104000A .... IO_-_- _ . ... _ -_

I A. IDS( (RECOYERF, WIlRI LIFT OE 7TSfj I

LO'AL MEMBER Of FAILED PARTS 4 2b 29 . 29 0 17 17 26

NOIT'.: +12°* ONLY. 0 -55C ONLY.

F6



*|

TABLE F3-3. MIL-M-38510/10701 (LM109) FAILURE ANALYSIS SUMMARY

A. ItEI) I'A1LILRS OR $YKPTOS QUJANTITY (I FAILURES AND TIME Of FAILURE (lHOUS) BY ILST CELL f/A

B. FAILOR MODE ACCELERATED L.FL REFOAT

C. tAIlUjL kECHHANI4 MANUFACTURER 0 MANULNrTURER 8 PARA&.

U. LAUSA OW fAILuR. 200"C 22% C 250OC - ,,O7C [-2bC 250
0
C

A. Nt't N PHIN MSOO 1@64 1I2U 6.

B. tH'iWIRE BON(J AT THL POWI 1@4030

C:. KIKLMNALL V ;ILI,, IN AuAI?

0. LXCLs'.SIV. AuAI2 GROWTH DJURING BOWIN)G

A. 0111N PIN I OR 3 102000 1@6 6.2

3. B1•'•EN fITENRNAL LIEA

C. MIECHANICAL OVERSTRESS

0. MI RIANUIXING

A. OPEN PIN 3 104000 1@12a

B. PKOKENL f.XTRNAL LEAD

C. Au LEACHING

D. TIN WOLIULR

A. A [3]) 1 2. 16 4 104000 4 6.3

" O NL 
It" I lW 

I

L, WIN, I @?UO0

D. INIIIALIly IAILLO OR NARWHAL jN1

RkIIJEE4 iAILURiS - HOT ANALYLED INI DE[AIL

A. VNOU I_[4 tONLY MA.RGINALLY "AIL[lt) I (IWO

TOTAL. 1•'UIPAR Of fAILE PARIS 1 4 3 3 1
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TABLE F3-4. MIL.-M-38510/10201 (723) FAILURE ANIALYSIS SUIMMARY

A. FAILED PAAMAETEtS Ga SYMPTOMS CUJA1ITY Of FAILURES AND TIME Of FAILURE (HOUMS) BY TEST CELL f/A

8. FAILURE HUDE ACCELERATED LIFE REPOT

C. FAILURlE MECHANISM IWA*ACTURER 0)_ _ IIANUFALTYIRC C PARM.

A. I1 S 602.I0O 7.1

8. NONE

C. NINE
0. TEST SET DRIFT

A. VREF OR If E LINE (1 + VP. LOAD (4]) fa .-51-C 24400 Dt

1. NONE

C. NONE

D. PROBABLY AN INTERMITTENT TEST SOCKET

A. 1 tW 7.3

B. hOIf DETERMINED 1064

C. SUR.FACE INSTABIL'TY I INITIALLY MARGINAL

0. MOILE CONTANiKANT IONS

RANDOM FAILURES - NOT AW.LYZED IN DETAIL

A. IR LIPE L1] (ONLY MARG(INALLY FAILED) 11 -O [

TOTAL NUMBER VF FAILED PARTS .,1. 0 0 0 _. a
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TABLE F3-5. MIL-M-38510/10304 (LM11l ) FAILURE ANALYSIS SUMMARY

A. FAILED ,P•A•TERS OR SYMPTOMS QUANTITY OF FAILURE; AND TIME Of FAILURE (HOURS) BY TEST CELL ]F/A
8. ý 'IL.;A MODE RNAUFACIURLR 8 MANUACTURLR D jREPODRT
C. FAILURt W.CAikINM STEP ACCELERAITD LIFE STL' ACCELERATCD LIFf PAR9.

200 5C 250 'C ?OOC 2 ,6C 50"C

I . CA U S E O r FA I L.U R L 
ST R E S S -S 

TR E : is 
N R E
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D. PROBASLY IONIC CCKTAMIXATIUK 101-000 9"2.6 4@956 7.26

1@500 30600 IDSOC

1501000 1U100 zopl0'J0o

Ii. LOW heQ IN Q2 20?75"C 10256 184 1@16 1064 104 1.6

C. SUEIOACE INSTABILITY AND BULK-REIAIFD 120500 1@32 5@32 MOO

Of CHASISMS 601000 4064 1064

0. rROS1AILY IONIL COUTNIIMI111N 29128 ?@2I8

6@256 2@256

5@600 3@500

291000 301000

a. ISONE

9. v c 100 HIGHi

A. 10 1@128 104 8.4
P,. [./GRADEO Q.5 COLLCCIUR - SUR5ITRAlf 1@6

C. o0O9ARLY 1.!EIRSIoJ OF THE COLLECTOR .

0. PROWS. LY CATIC" CONTAMIINATION____ .

-125C U0LY FAILURES AND RANDOM FAILURES - NOT ANALYZED IN L'IAIL____ _ _ I _I

A. CI (RIJLiT iOK) MoI64 2_8

~A. (RECOVERED) j10!28 5O

(1. 0A @ i12M C ONLY 401000 101000

A . V OL (3 0 ) 
- . 1 1 0 0

TUIAL IfJMBER OF FAILED PAPiS 29 J 2 2:s 3 29 34



4.0 LM118 FAILURE ANALYSIS REPORT

4.1 RESISTOR TUB INVERSION (MANUFACTURER B ONLY)

Seventy-nine Manufacturer B parts failed V10 and/or PSRR during step

stress and accelerated life, Ten parts failed V10 only, 27 parts failed

PSRR only, and 42 parts failed both V10 and PSRR. The failures were bake

recoverable, indicative of a surface instability mechanism.

The 52 parts which had failed V10 exhibited excessive V10 at a supply

voltage of +20V (VcM = +15, -15V, OV) ranging from -4mV (the specified
minimum limit) to -18 mV (latch limit of the test circuit). The failed values

were always negative.

V,0 was almost always within specification at a supply voltage of +5
volts indicating that V10 was supply voltage sensitive. Measurement of
V10 (VcM = OV) vs. supply voltage of representative failures disclosed

that V exceeded the limit of -4mV dt supply voltages rangg fr-ni +6V. to
+20V. Below the critical supply voltage, V10 was fairly constant and above

the critical voltage, V10 increased (in the negative direction) rapidly.

Since this suggested a possible internal low breakdown/excessive leakage

current, the I-V characteristic from V+ (pin 7) to V- (pin 4) of each part was

examined on the curve tracer. Each failed part exhibited anomalous leakage
from V+ to V- beginninig at a voltage proportional to the supply voltage at

which V became excessive. For example, Figure F4-1 shows tie I-V charac-

teristic of a normal part, control sample S/N 24, with a VI0 (+2±V, VCM =

OV) of -O.9mV. The characteristic is essentially IDSS of J-FET Q38 amplified

by Q7-Q9 until breakdown occurs at 45 volts. S/N's 74, 102 and 61 each had

failed V.O after one hour of 175*C life and were found to have critical

supply voltages of 6V, 15V and 20V, respectively. The three parts exhibited
excessive leakage above V+ to V- equal to 5V, 13V and 33V, respectively, as

shown in Figure F4-2. The fourth trace in Figure F4..2 is that of S/N 92 which

had nonnal VIO (+-.36mV) after four hours at 175°C. V10 of S/N 92 would
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not exceed -4mV until the supply voltage was increased to + 23 volts and its

leakage from V+ to V- became excessive at 37 volts.

Tha anomalous leakage was traced to channel leakage from resistors R15

and R16 to the substrate (V-). Figure F4-3 shows R15 and R16 of S/N 102 after

severing the stripes for isolation. Figure F4-4 shows the leakage from the

common contact to RI5 and R16 (+) to the substrate (-). This leakage, ampli-

fied by Q25, was primarily reponsible for the anomalous current observed

between V+ and V-. The pn junction between the resistor diffusion and the

n-epi resistor isolation tub and the junction between the tub and the substrate

exhibited no leakage and nominal reverse breakdown voltages of 90V and 98V,

respectively. This indicated that the leakage from R15/16 to V- was caused by

a channel in the tub which extended from the resistors to the substrate due to

inversion of the n-type tub. Inversion of n-type material is caused by the

accumulation of a net negative charge in or on the passivation layers. To

further pin-point the location of the channel, a high potential field effect

probe te..'hnn"ue [I] was used. A manipulator probe, biased either positively

or negatively with respect to the n-tub, was scanned over the region of the

tub between the resistor and the substrate isolation diffusion of representa-

tive failures (before and after removing the glassivation) while monitoring

VI0 of the part. It was found that positive potentials of up to 150 volts

over any point on the tub did not reverse the inversion and improve V1 0 .

This indicated that the width of the anomalous channel was probably much

Sreater than the diameter of the probe and simply could not be totally pinched

off with the probe. Negative potential, as low as -75V, would affect V10 .

The area of greatest sensitivity was found to be along the outside of resistor

R15, between the stripe to the emitter of Q16 and the stripe to the base of

Q15 (see Figure F4-3). VTo would latch negative at a probe potential of

-125 volts above the tub along this area. This is because the negative field

enhanced time inversion thereby increasing the conductance of the channel.

Negative potential applied above the tub anywhere along the outside of R15

would worsen V10 to some degree which indicated that the channel was dis-

tributed alor.g the entire length of R15, A channel also existed along the

F12
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oulside o'. RI6, but increasing the inversion with negative probe potential

caused VI0 to increase a few millivolts in the positive direction. This

indicated that leakage to the substrate from R15 increased VIO in the

negative direction and leakage from R16 increased V10 in the positive

direction, It is suspected that VTO was always negative at the time of

failure because RI5 has a greater amount of its perimeter adjacent to the

p-isolation than does R16. Using the voltage probe it was discovered in the

same -qanner that the n-epi tub containing RI2, R13 and R14, shown in Figure

F4-5, had also inverted or at least depleted. The exact amount of leakage

from these resistors to the substrate could not be determined because other

inherent circuit elements existed between the resistors and the substrate that

could not be disconnected.

The parts that had failed PSRR only were found to exhibit channel leakage

from V+ to V- as did the V,, failures, but the leakage was not as severe in

the PSRR only failures and usually saturated. Again, this leakage was traced

to inversion of the R15-R16 resistor isolation tub. Thus, it is probable that

the PSRR failure differed from the V10 failures only in degree. This was

further substantiated by the fact that any part failing PSRR only, that was

left on test, eventually failed V10 also.

The resistor tub to substrate juncti,:i was reverse biased at 40 V.c

during the tests. Thus, the accumulation of negative charge over the tub was

probably the result. of separation of mobile ionic species in the fringing

field of the reverse biased junction or electron drift in the fringing fiela

aleng defects in the glass,'insulator interface [2]. Microsccpic examinations

of failed parts disclosed two types of anomalies in the glassivation layer

which probably contr;buted to the failure. One hundred per-ent of the

parts exanineo (27 out of 27) contained one to three cracks in the glassivation

over the wide mretalizatiun !;tripe between Q25 and R35,16, as illustrdted in

Figure F4.6 and FR-7. Sixty-six percent of the parts(18 out of 27) coitained one

or mnre cracks elsewhere on the die, principally over tne wide emitten' contacts

of the PNP transistors and the capacitor electrodes. One hundred percent of
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the parts also coqtained pinholes in the glassivation over hillocks in the

metalization. As shown in Figure F4-8 and F4-9, the holes appeared to be

etched into the glass which indicates that t•ey probably were caused by

pinholes in the photo resist during etching of the bonding pad openings. The

pinholes were probably causeýd by flaking of the photo resist over hillocks in

the metalization.

4.2 1'0 (VCM= -15V) FAILURE

Four Manufacturer 8 and two Manufacturer C parts failed I at a common

mode voltage of -15V during acceleraced life. The failed values ranged from

-592 nA to +143 nA. Three of the Manufacturer B parts also failed +1,

(VCM = -15V) and one of the Manufacturer C parts also failed +lIB (-15V)

and -IIB (-15V).

Iio of five of the parts was excessive at a common mode voltage of -15V

because the inverting input bias current (-lI ) s nordnal, but the non-

inve,-ting input bias current (fTIB) was too low or negative at negative

common mode voltages, as illustrated in Figures F4-10 and F4-11. This was

indicative of excessive current from V+ to the non-inverting input (pin 3).

Examination of the I-V characteristic from V+ to pin 3 (wfth V- and pin 2

grounded) of each part disclosed the presence of anomalous channel current, as

illustrated in Figure F4.-12. I i of the sixth part (Manufacturer C, 125'C

failure) was excessive at V = -15V because +1IB was excessive and -lIB
was negative.

The twG Manufacturer C parts recovered prior to bench testing and two of

the Manufacturer B parts were baked and both recovered, indicating that the

anomalou's leakage was caused by a surface related mechanism. The other two

Manutacturer B parts were delidded for analysis but both recovered instantly

upon delidding and neither contained any visible defects. Thus, the specific

failure mode of these parts was not determined. During life test, 38 and 40

F17
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Vdc was applied from V+ to the inputs. This reverseJ oiased the collector-base

2unctior~s of the input transistors. Consequently, it is believed that the

anomalous leakag• aas the result of inversion of the c-b juntion of an input

tran-istor caused by mobile ions or charges in or on a passivation layer.

4.3 110 and/or :IB FAILURE

Two Manufacturer B and four Manufacturer C parts failed combinations of

o10 and +11B or -lIB, usually at all three common mode voltages during

accelerated life. This was because one of the input bias currents was signi-

ficantly higher than the other, as illustrated in Figure F4-13. The problem

was traced to a gain im}isnmatch in the input transistors. For example, the part
illustrated in Figure F4-13 had (at VCM = +I5V) an 110 of 75 nA, a +IIB

of 246 nA, and a -Iis of 173 nA at the time of failure (1000 hours). Die

level probing estabti!hed that, at a VCB of 5 volts and a collector current

of 25 ýA, hr,- of 03 (the -input transistor) U.. 83 ,,d hF[ of Q4 (the

+input transistor) was 52. +1IB was 42% higher than -IIB, and hFE of

the +input transistor was 37% lower than hFE of the -input transistor, thus,

the gairn difference accounted for the excessive Ii0. The life test data

indicated that the gain of bcth inputs had degraded during life. Initially,

+1 18and -lIB at VCM = 415 were 133 and 132 riA, respectively. At the

time of failure +IIB was 246 nA and -1IB was 173 nA. The other parts

displayed similar degradation except that in one part at the time of failure

-lIB was greater than +1IB. The gain degradation was presenit only at low
collector currents. The gain uf both transistors in the example was 156 at

IC = 1 mA. This indicated that the low gain was caused by degradation of

the base-emitter junction, probably due to depletion of the p-type base

region. II0 and IB would recover upon baking, indicating that the degra-

dation was the result of a surface relhted mechanism, probably caused by ionic

contamination in the passiviation.
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4.4 CATASTROPHIC DAMAGE DUE TO THERMAL RUNAWAY (MANUFACTURER C ONLY)

During step stress, four Manufacturer C parts drew excessive supply

current at temperature and failed. The 200 0 C failure drew nominal current

upon reaching temperature, but was drawing excessive current upon completion

of the step and was found to be latched up to V- when measured during the

post-step parametric tests. Examination of the part disclosed that the V+

wire and the metallization stripes had mnelted, as shown in Figure F4-14. All

of the damage occurred at the V+ ohmic contacts of the circuit elements, and

this indicated that the damage was caused by thermal runaway. The other

three parts drew excessive current after reaching temperature (250 0 C or
275°C) and were removed and tested at this point. One part was latched to V+,

one part exhibited Vo' s of -7mV, and one part failed only -Avs [74].

Examination of these pdrts disclosed that each contained spears of aluminum

extending from a contact of the cross-under (RX1) between V+ and CI, as

illustrated in Figure F4-15, and either spears extending from the ohmic

contacts of C1 or a flash-over short across the p-n junction of CI, as Illu-

strated in Figure F4-16, and no other damage. Yhis indicated that the thermal

runaway probably initiated at Cl, but the p-n junction contained no apparent

defect or deficiency.

The accelerated life test temperatures were limited to 175*C, but three

Manufacturer C parts displayed the same failure mode as did the step-stress

parts. One parL was latched-up after one hour at 175%C and two parts were

latched after 4,000 hours at 1750 C. As illustrated in Figure F4-17, all three

parts contained damage almost identical to that found in the 200%C step-stress

failure. The failures indicated that the thermal runaway mechanism was not

strictly temperature dependent, but was time dependent as well. However, no

reason for the time dependency was found.

4.5 SHORTED CAPACITOR (MANUFACTURER C ONLY)

Five Manufacturer C failures during accelerated life were caused by
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defects in the dielectric oxide of one of the MOS capacitors, C2 or C3. Ivwo

parts were latched-up to V+, one after 128 hours at 125'C and one after 4,000

hours at 175°C. Examination of the dice revealed no visible damage or defect.

In each part, the latch-up was traced to a 40 ohi short-circuit in the MOS

capacitor C2. Removal of the aluminum electrode of the 125°C failure disclosed

a minute breakdown site in the dielectric at an imperfection in the SiO2 , as

shown in Figure F4-18. The 175% failure contained a pinhole defect in the

dielectric of C2, as shown in Figure F4-19. Three parts were latched-up to

V-, one after four hours at 150 0 C, one after 2,000 hours at 150%, and one

after 4,000 hours at 175%. Examination of each die disclosed thermal runaway

damage simrilar to that displayed by parts shown in Figures F4-14 and F4-17.

However, die level probing of the capacitors disclosed that in each part, C3

contained a 15-150 ohm short. RE.noval of the aluminum electrode revealed a

pinhole defect in the C3 dielectric of each part, as illustrated in Figures

F4-20 and F4-21. Thus it is believed that the thermal runaway in these three

parts was initiated by failure of C3 caused by the oxide pinholes.

4.6 CATASTROPHIC DAMAGE DUE TO ELECTRICAL OVERSTRESS

One Manufacturer C part was latched to the positive supply after 1,000

hours at 125%. Examination of the die revealed that the pin 2 (-input)

metalization stripe had vaporized open due to excessive current, as shown in

Figure F4-22. A small particle bridged between the pin 2 stripe anch the edge

of the substrate, but the particle was nonconductive (transparent) and could

not have caused the excessive current. Therefore, this failure was probably

caused by electrical overstress of pin 2.

One Manufacturer C part had passed the 250C parametric tests after

4,000 hours at 1500C, but was latchea to the negative supply during the +125%

parametric tests. When bench tested, the part was found to be latched negative

at 25%. Examination of the die revealed flash-cvers through the cross-under

in the V+ (pin 7) line, RXI, and the cross.-under in the COMP C (pin 8) line,
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RX2. Exam-nation of Q20, which is connected between pin 8 and V+, disclosed

that it contained flashover shorts, as shown in Figure FA-23. Consequently,

this failure was attributed to electrical overstress of Q20 probably caused by

a transient or static discharge across pins 7 and 8 prior to the +125 0 C

parametric tests.

One Manufacturer B part was latched-up after Four hours at 125 0C. This

part contained damage at Q25, CI and 3 cross-under, as shown in Figure F4-24,

indicating that it probably had been electrically overstressed.

il
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5.0 LMLOSA FAILURE ANALYSIS REPORT

5.1 RESISTOR TUB INVERSION (MANUFACTURER B ONLY)

Eighty-six Manufacturer B parts failed V1O and/or AvS during step-

stress and accelerated life. Sixty-five parts failed VIO, ten parts failed
Avs~ 10 Avse MaAVS, and eleven parts failed both V and AVS, Many of the parts also

failed other associated parameters such as I PSRR and CMR because VI0
was severely degraded. The failures were bake recoverable, indicative of a

surface instability mechanism.

Of the 75 parts which failed V10 , the predominant failure was V10 at

a supply voltage of +20V and VCM of -15V. The failed values were always

positive and ranged from O.5mV (the specified maximum limit) to 19mV (the

latch limit of the test circuit). These parts exhibited anomalous current

from V+ to V- proportional to the degree of V10 failure, as illustrated in

Figure F5-1. S/N A is a sample part with normal V10 . Its I-V characteristic

iS entiallv IDSS of .J-FET Q19 diliplified by Q22. S/N 185 exhibited a

V I of +.63iV after four hours at 225CC and exhibits anomalous current

beginning at V+ to V- equal to about 20 volts. S/N 284 exhibited a V10 of

>l9mV after four hours at 225%C and exhibits anomalous current beginning at

V+ to V- equal to dbout 4 volts.

V10 of these parts would recover instantly upon delidding, as illu-

strated in Table F5-1. Because the symptoms of these failures were very

similar to those of the Manufacturer B LM118 device (reference paragraph 4.1),

it was suspected that LMIO6A failures might also be due to inversion of an n-type

resistor tub. To determine if any tub was still slightly inverted or depleted

after delidding, a manipulator probe biased ?t -100 volts was scanned over the

resistor tubs. It was found that the failure, i.e., excessive positive V10 ,

could be reinduced by applying negative potential across the oxide above the

tub containing R3, R7, R13, R14 and R30 in the region along the perimeter of

R7 adjacent to the isolation diffusion were shown in Figure F5-2. The leakage
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TABLE F5-1. EXAMPLES OF V RECOVERY DIS'LAYED BY IHE
MANUFACTURER E LM1O8A UPON DELIDDING

Vi0 @ VCM- -15V (mV)

PRIOR TC 2/ IMMEDIATELY AFTER 2!
S/N CELL 'F tR 0 t tF R DELIDDING DELIDDING

282 225'C 4 HR 4 HR -0.03 >-19 - +10 -0.01
LIFE

141 225'Z 4 HR 1000 +0.05 >419 >419 +37 +0.24
LIFE R

62 2000C 4 HR 1000 -O.C. >+'I *11 +7.2 +0.05
LIFE HR

202 175°C 1000 1000 -0.35 :49 - +3.2 -0.20
LIFE HR HR

NOTES

tF - Time of Failure

tR - Time of Removal From Life Test

t * Prior to Life Test

l/ 2 Curve Tracer Test
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current frcin the resistors to the substrate (detemiined after severing appro-

priate stripes) would increase upon application of the negative field in this

region of the tub, as shown in Figure F5-3. This indicated that the failures

probably had been caused by anomalous channel current from the resistors to

the substrate due to inversion of tile n-type resistor tub. Inversion of

n-type material is caused by the accumulation of a net negative charge in or

on the passivation layers.

The parts that had failed only AVS exhibited two basic types of anomalous
gain. Some parts exhibited negative gain that was too low at VOU +15V andI

-15V as illustrated in Figure F5-4 and others exhibited positive gain that was

too low at V +15V as illustrated in Figure F5-5. The gain characteris-
too at VOUT a

tics indicated that the low gain was probably caused by gain distortion due to

variation in VIO with output voltage. These parts exhibited anomalous

current from V+ to V-, as illustrated in Figure F5-6 and recovered instantly

upon delidding, as shown in Table F5-2. These findings indicate that the

failure mode of the parts failing only AVS WdS probably the same as that of

the VIO failures, i.e., inversior, of the R7 resistor tub.
I0I

The resistor tub to substrate junction was reverse biased at 40 Vdc

during the tests. Thus, the accumulation of negative charge over the tub was j
probably the result of separation of mobile ionic species in the fringing

field of the reverse biased junction or electron drift in the field along

defects in the glass insulator interface [2]. Microscopic examination of

failed parts disclosed anomalies in the glassivation similar to, but not as

severe as, those found in the Manufacturer B LM1I8 failures,. Seventy percent
of the parts examined (21 out of 30) contained at least one crack in the glassiva-
tion, as illustrated in Figure F5-7. Using an aluminum etch it was determined that

30% (l0.out of 30) of the parts also contained glassivation pinholes.

5.2 CATASTROPHIC DAMAGE DUE TO THERMAL RUNAWAY (MANUFACTURER A ONLY)

Thirty-seven Manufacturer A parts failed during accelerated life that
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were latched to either V+ or V-. Twenty-six parts were date coded 7642, ten

parts were date coded 7643, and one part was date coded 7652. ExaminaLion of

the parts disclosed catastrophic damage such as depleted or melted aluminum

along the V+ stripe and aluminum spears protruding from various ohmic contacts

to V+. An exaiuple of the most severe damageý found is shown in Figure F5-8.

Some p3rts contained only depleted aluminum and aluninum spears at the Q6

emitter contact, as illustrated in Figure F5-9. Every failed part, regardless

) of the amount of total damage present, contained depleted aluminum or spears

at the Q6 emitter contact, which indicated that the problem originated at Q6.

The life test monitor readings revealed that the failed devices drew excessive

current indicating that the failures had occurred while the parts were at

elevated temperature, consequently, a thermal runaway mechanism was suspected

as the cause rather than any external electrical uverstress condition.

Furthermore, the life test start-up had indicated that the 7642 date coded

parts were susceptible to thermal runaway (Ref: Section 6.1).

Q6 is a lateral PNP transistor. The failed Q6 transistors almost always

contained an aluminum-silcon melt-channel or an aluminum spear extending from

the emitter contact, indicative of excessi.e emitter current. lhe emitter of

Q6 is connected directly to V+, but its collector-base is connected to cir-

cuitry of sufficient impedance to limit the collector current. However, a

lateral parasitic PNP transistor exists between the emitter of Q6 and the

substrate. As shown in Figure F5-10, the base current, IB, of QC can cause

a slight parasitic PNP collector current, Ip, to flow from the Q6 emitter

to V-. At elevated temnperature, this current can possibly increase to damaging

levels since there is no series limiting resistance for the parasitic current

path. The path of damage emanating fr(o the Q6 emitter always pointed. in the

direction of the c-b contact (the direction of base current flow), as illu-

strated in Figure F5-11, indicating that the damage probably was the result of

excesssive parasitic PNP collector current. Transistor Q6 is adjacent to

three "zappable" transistors, Q29, Q30, and Q31, that are used to trim the

offset voltage. However, in many of the failed parts, none of the three

transistors had been zapped; therefore, the proximity of Q6 to these transis-

tors was not considered significant.
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The failure data showed a time-temperature dependency but the exact cause

of the dependency was riot established. The failure mechanisms identified in
these parts involved parasitic PNP current and localized thermal runaway which

led to excessive Q6 emitter current and aluminum melting or migration/silicon

dissolution which led to the opens and shorts. The physical appearance of the
melting and migration indicated that the damage probably occurred relatively
rapidly with little time dependency. Parasitic PNP current and thermal

runaway are temperature dependent, but ordinarily are not time dependent

mechan;sms. Examination of the life test monitor readings disclosed no sign of

supply current increase with time in the parts that failed. The supply

current of each part was constant until the time of failure at which point the

current jumped and the part failed.

5.3 A FAILURE DUE TO SURFACE INSTABILITY (MANUFACTURER A ONLY)
VS ____________

Nine Manufacture; A parts failed +A r71] durin- accelerateo life.

The failed values ranged from 79 to 30 V/mV. All nine parts were left on

test. Three parts failed catastrophically at 2000 hours due to thermal
runaway at Q6. By 4000 hours, +AvS [71] of the other six parts haa recovered

as illustrated in Table F5-3. The recovery indicated that the gain failures
probably were catised by a surface related mechanism. Since the parLs had

recovered the exact failure mode could not be determined.
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TABLE F5-3. EXAMPLES OF +Avs [71] RECOVERY

VALUE OF tAvs [711 (W/ny)

CELL.

N TE._ FAILURE. IN!TIAL .3 HR 256 KR 1000 HN 2000 HR 4000 HIR

332 175°C I HR 103 79 101 142 128 139

194 175 0C l00'3 HRS 717 6i0O 620 36 23 656

214 175 0C 2000 HRS 509 409 402 91 32 104

4O01ES

FAILED VALUES ARE UNDERLINED,

F
i
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5.4 1 0/IIB FAILURES - TEST ANOMALY

Four Manufacturcr B parts and nine Manufacturer A parts failed AIIB,.

-1IB' and/or 110 through 500 hours of accelerated life. During the same

time period, three Manufacturer A control parts also failed 110 andl i

All three exhibited excessive +1iB and - 1IB at each conmor, mode voltage

and supply voltage. One part was analyzed and found to contain no anomaly.

The other two parts were ba!-ed for, 16 hours at 250°C, and both recovered. The

history of +113 and -1 at V = 0 volts and +V = +20 volts of each

control part is presented in Table F5-4. The accelerated life failures

likewise recovered when baked.

In view of the failure of the three control parts, it was suspected that

the degradation was caused by the parametric testing or by handling of the

parts. Experiments were conducted which established that the parametric
testing did riot induce any detectable degradation. Therefore, it was decided

to treat the LM1l8As as static sensitive parts ahd implement all precautionary

measures for handling such parts. This was done immediately after the 500 hour

test point and, as a result, no further 110/ 1IB failures of this type were

encountered. Apparently, the input transistors of the failed parts had been

degraded by static charge generated during handling. For reasons unknown, the

damage was not permanent and could be annealed by baking.
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6.0 LM109 FAILURE ANALYSIS REPORT

6.1 OPEN PIN DUE TO INTERMETALLIC GROWTH (MANUFACTUR[R B ONLY)

Four Manufacturer B parts failed during accelerated life due to an open

internal wire bond at the post. Three parts contained an open bond at pin 1,

one after 500 hours at 200'C, one after 4,000 hours at 225'C, and one after

250 hours at 250'C. One part contained an open bond on one of the pin 2 wires
after 64 hours at 225°C. In each Case, the three rmil aluminum wire lifted

from the gold-plated post. Separation occurred in the internetallic zone, as

shown in Figure F6-1 and F6-2, and the fracture surfaces were purple-colored.

This indicated that the failure mechanism was Kirkendall ,oiding in AuAI 2 .

Because these failures were random, the excessive AuA1 2 was probably gene-

rated during the wire bonding operation.

6.2 OPEN PIN DUE TO BROKEN EXTERNAL LEAD

Three Manufacturer B and one Manufacturer D parts had to be removed from

test because one of their external leads broke or full off during insertion or

remuval from the test socket. In the earliest (8 hour) Manufacturer B failure,

the pin 1 lead broke at its point of egress from the glass insu'ator and most

likely was mechanically overstressed by mishandling. In the other three

instances, the pin 3 lead broke above the weld to the case. The Manufacturer

D part broke cleanly with no sign of deterioration. Thus, the break probably

was caused by mishandling or flexure of the leads during insertion and removal

from the test socket. The welds of the two Manufacturer B parts were blackened,

as illustrated in Figure F6-3. This condition was not present upon receipt of

the parts and visual examination of life test survivors after 4,000 hours

disclosed that the welds of almost every part had degraded to some degree.

Usually the weld was blackened and there was a ring of discoloration in the

gold plating of the header around the weld. Apparently, the weld of the

Manufacturet B part also contains tin based solder and the tin had scavenged

or leached gold from the header and the joint at elevated temperature thereby

weakening the welds.
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lOX S/N 264 (128 HRS @ 250 0C)
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6°3 AIScD FAILURES

Eight Manufacturer D parts and one Manufacturer B part failed during

accelerated life due to excessive standby current drain change with lhad

change (AISCD[13]). AISCD[1 3] is the difference between the draio current

at IL = -5 mA U SCD[ 9 ]) and the drain current at 1 -500 mA ( [li]).

AISCD[131 has a specified mininum limit of -0.5 mA. The failed values ranged

from -0.50]mA to -0.640 mA. Bench tests of the parts confirmed the failed

values, but examination of the test data disclosed that the A] SCD [13] of

these parts was probably out of tolerance or margirnal upon receipt arid this

was not detected during the pre-life tests due to a t£st set malfunction.

As shown in Table F6-1, a'scD[1 3 ] of the Manufacturer 0 parts was in toler-

ance and near zero (in soime cases) initially and then out of tolerance or

marginal at the next test point (4 hours into life). Two of the parts were

left on test after failir.g and, through 4,000 ',our,, MIscD[13] did not vary

more than two percent from the 4 hour value,

Examination of tOe control Sample dta r.vealed the sde pattern.

As shovrn in Table F6-2, the Al SCI,13] of the four control samples was near

zero during th'! initial test and then cignificantly oigher iluring every

subsequent tesT. One part was mnrgina; or out of tolerance during every

subsequent test. Consequei-ity, it is suspected that the 500 mA test current

was riot being applied to the part during the initidl j SCD[1] ,ieasurement,

due to a test set malfunction, und this caused the A.',CD[1 3 ] values to be

Saear zero or too low initially. The problem is suspe.:Led to be a stuck reay

contact it, the test S which corrected itself, sine normal •l.iSD[13]

values wsre obtained di! ing the life tests. As indicated by the four hour

vwlues, Q,,,D[I3 of these eight parts p.3bably was out of to~erance or

marginal upur receipt, consequently, these failures were not valid accelerated

life failures.
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TABLE F6-1. PARAMETER HISTORY OF THE FA!LURES

___scD[__3]_-- -

CaLL INN J]AL AT 4H0URS AT TIME OF FAWLRE A0J4_H ,4.

200'C 44 -0.000 .0.540 (See 4 hours) N/A

145 -0.11 -0.640 (Sev 4 rours) 1/A

143 -0.100 -0.500 -0.530 (64 rihours) 14/A

225%0 104 -0.070 -t.,rO -0.520 (16 hours) NJA

2.C
0
0 264 -0.050 -.0.530 (See 4 hours) -0.540

282 -0,111 -0.620 (See 4 hours) NIA

233 -0.120 -0.500 -0.560 (16 hours) M/A

271 -0.060 -0.500 -0.500 (1000 hrs) -0.490

ROIE: FAILEC VALUES ARt UNDERLINED.

TABLE F6-2. AIscD[I-3 HISTORY OF THE CONTROL SAMPLES

AScD[13] - mA

S/N 4/8J_7..INILIAL) /1/77J4I HOUI) 8/8/77 (4 HOUR 1) 4/22/728 (4,000 FRS)

11 -0,010 -0.500 -0.500 -0.540

12 -0.1"1 -0.290 -0.290 -0.2W0

13 -0.030 -C.350 -0.350 -0.350

14 -0.010 -0.350 -0.340 -0.330

15 -0.000 -0.230 -0.230 -0.240
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7.0 723 FAILURE ANALYSIS REPORT

7.1 1 SCo FAILURE (MANUFACTURER C ONLY)

Six Manufacturer C parts exhibited excessive standby current drain

(IscD) after 2,000 hours at 200'C. ISCD has a specified maximum limit of

3.0 mA and the failed values ranged from 3.001 to 3.066 mA. Three of the

parts were returned to life test after failing, and all were within specifica-

tion at 4,000 hours. All six parts were then returned to life test for an

additioial 2,000 hours, after which their I ScD values were virtually the

same as the pre-stress values. The ISCD history of the parts is shown in

Table F7-i. Examination of the control sample data, also given in Table F7-i,
indicated that a current sensing resistor in the test set had drifted causing

an average error of +0.153 mA in I of the control samples at the 2,000

hour test point. Adjusting the I values of the six 2,000 hour failures

accordingly brings all of the values to within specification. Consequently,

these failures wiere attributed to test set drift rather than any part

deficiency.

7.2 -55'C FAILURES (MANUFACTURER C ONLY)

One Manufacturer C part fai"ed VRLINEElJ and VRLOAD[ 4 3 at -55%C at

4,000 hours and one Manufacturer C part failed VREF at -550C at 4,000 hours. *

The failures appeared to.be catastrophic; therefore, the parts were retested

at 25' 0C and were found to be within specification. The parts were returned to

life for an additional 2,000 hours after which the failed parameters were

within specification and virtually the same as the pro-life values, as shown

in Table F7-2. Microscopic examination of the interior of the parts plus pull

testing of the wire bonds disclosed no interm~ttencies which could account for

the 4,000 hour failures. Therefore, these failures were probably caused by

test socket intermittencies during the -55% test at 4,000 hours.

7.3 S FAILURES (MANUFACTURER D ONLY)

Two Manufacturer D parts failed I0S during 175%C accelerated life. As

shown in Table F7-3, one part was marginal upon receipt and simply drifted out

of specification at the first test point (4 hours). Consequently, this
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TABLE F7-1. ISCD !ISTORY

!ScD @ 25°C (nA) [SPEC - 3.0 rpA MAX.]

CELL S/N PRE-STRESS l,0O HOURS 2.000 HOURS 4,000 HOORS 2,_00HOLRS

ZOo'C 232 Z.658 2.830 S.001 2.9!6 2,668

235 2.641 2.B39 3.035 2.927 2.672

313 2.656 2.792 3.015 2.885 2.630

341 2.673 ,..01 .(. o 6.(4b

363 2,626 2.760 3.C24 2.603

371 2.662 2.796 3.058 - 2.637

CONTROL 11 2.105 2.240 2.3Z1I 2.322 2.087

12 1.643 1.758 1.792 1,816 1.630

13 2.059 2.184 2.223 2,262 2.043

14 1.863 1.975 2.013 2.048 1.849

15 1.539 1.634 1.665 l,.6999 1.532

NFEAN 1.842 1.953 1.995 2.029 1.828

MEAN a +0.116 +0.153 +0.187 -0.014
(t-tPRE-SWRSSý
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TA3LE F7-2. PARAMETER HISTORY OF THE -55°C FAILURES

PARAMETER VALUES AT -55°C
SPECIFIED

CELL S/N PARAMETER INITIAL 4,001 HOURS 6,000 HOURS LIMIT

200'C 325 VRL!NEI (m) -0.016 -162.878 -0.012 -. 3 tO .

VRLOAU ([ ) -0.018 *1.704 -O.ý16 -.6 to +.6

334 VREF (VDC) 7.075 0.000 7.076 6,90-7.40

NOTES

1. FAILED VALUES ARE UNDERLINED.

TABLE F7-3. PARAMETER HISTORY OF THE IS FAILURES

'Is (mA) (SPECIFIED LIMIT 45 - 85 mA)

CELL SJN INITIAL 4 HOUR 32 H(UR 64 HOUR BENCH TEST

1751C 175 83.3 86.1 - - -

162 50.6 56.1 56.2 86.0 64.0

REF: CONTROL (MEAN C' 62.4 62.4 62.0 61.2 -

5 PARTS)

NOTES

1. FAILED VALUES ARE UNDERLINED.
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failure was not investigated further. The other part failed marginally and

was back within specification when bench tested. This indicated that the

failure mechanism was probably surface related and no further investigation

was performed on this single isolated failure.
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8.0 LM111 FAILURE ANALYSIS REPORT

8.1 v, FAILURE DUE TO DEGRADED Q4

During step-stress and life test, 93 Manufacturer D parts arid b Manufac-

turer B parts failed due to excessive V10. These parts failed combinations of the

first four specified VIO parametric tests and the failed vslues ranged from

+5.01 mV to +11.02 mV. The parts would recover when baked which 4ndicated

that the failures were caused by a surface instability mechanism.

Analysis of these parts established that the excessive V,0 was caused

by a gain mismatch in the NPN input transistors, Q3 and Q4. In each part

examined, hFE of Q4 was lower than that of Q3 as illustrated in Table F8-1.

When baked (100 hours at 250 0C), hlFE of Q4 improved two to three-fold as

also illustrated in Table F8-1. The bake also caused a slight decrease in

hFE of Q3 but this is apparently due to a separate annealing effect since

hFE of both transistors of a unstressed control part decreased when baked as

shown in Table F8-1.

The reversiblE gain decrease displayed by Q4 indicates that the degradation

probably was caused by depleticn or inversion of the p-ty,-e base region due to

the accumulation of c net positive chai-ge in or oh the passivation over the

base. The collector-base junction of Q4 was reverse biased during life test,

consequently the accumulation was Lhe result of char(e separation in

the fringinc' field of the reverse biased junction.

F
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TABLE F8-!..-EXAMPLE OF THE RESULTS FROM DIE LEVEL PROBING
OF REPRESENTATIVE VI0 FAILURES

hFE @ IC - 29 mA, VCE 15V

CELL
MANUF TEMP S/N TIME OF FAILURE TRANSISTOR @tF POST BAKE

D 250c 62 1,OUU HR5 Q3 210 180
Q4 43 104

D 200%C 135 1,000 HRS Q3 174 145
Q4 32 101

D CONTROL 15 (UNSTRESSED) Q3 207 174
(REFERENCE) Q4 235 154
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During step-stress and life test, 64 Manufacturer B parts and 5 Manufac-

turer D parts failed due to excessive I Of these 69 parts, 61 failed

I110j1. Seven parts failed 1,,[9] and one part failed TI0 8P]. I1 10 1]

is the raised input offset current, IIO(R)' which is the difference of

the input bias currenis, -IIB(R) and +lIB(R), measured at +V = +15V and

VCM = OV and with BAL/STB and BAL connected to +V. IIO(R) has specified

limits of -25 nA MIN and +25 nA MAX. In 56 parts I I(R) was positive,

because the inverting input bias current, - 1IB(R), was greater than the

noninverting input bias current, + 1IB(R), as illustrated in Figure F8-I.

The failed values ranged from +25 nA to +151 nA. In five par s I O(R) was

negative, because +1IB(R) was greater than -'IB(R), and the failed values
ranged from -26 nA to -30 nA.

Analysis of parts with positiveý excessive IIO(R) established that the

failures were caused by a gain mismatch in the PNP input transistors. The

input bias currents are the base currents of the PNP input transistors Q! and

Q2. + 1IB is the quotient of hFE of QI, the noninve-ting input transistor,

and IC of QI (i = Ic1/hFE)' Likewise, -1IB is the quotient of

hlFE of Q2, the inverting input transistor, and IC of Q2 (-IiB = IC2/

hFE). Die level probing of representative failures established that the

collector currents of Q1 and Q2 were equal, but that hFE of Q2 was lower
than hFE of QI, as shown in Table F8-2, which is why -IIB(R) was greater

than +1 IB(R). To determine what change took place during life test, the

test data was examined. +IIB(R and - 1 IB(R) were not measured during the ]
tests (they are not specified parameters), but +IB[ 1 2 1 and -IIB[L12] ere

measured. +lIB[ 1 2] and - 1 IB[12] are the input bias cu-rents at 4-V = +15V

and VCM = 0 volts with BAL and BAL/STB open (dc wise). As shown in Table

F8-3, the values of +1IB[ 1 2 ] and -1 1I[12] of the representative failure

before and after accelerated life indicate that the gain of both transistors

decreased during life, but that hFE OF Q2 decreased more than did hFE

of QI.
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TABLE F8-3 - IB VcM = OV) HISTORY OF THE REPRESENTATIVE 1I1(R FAILURES

PARAMETER VALUES (nA)

liAN~UF S/N PARAMETERS INITIAL TIME OF REWMVAL

15 1b +IlIc j -59 -67

-IIB[12J -60 -75

B 211 +IiB12) -71 -77

-II8[I2] -73 -9

B 5z +B[I? -63 -73

-IIB[12] -65 -80

S 42 +11B12] -38 -41

-IB[Z]-38 -45

I14
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Sampl e failed ports were bakea (sone after del iddi ny and removi ng the

qlassivation) for about 80 hours at the test cell tem,)erature. In each part,
110(P) recovered as show;n in lable FH-4. In the 20C0 C failures,
decreased after baking which indicated that hFE (f Q2 ijproved (increased)
up(-i baking. Howver, in the 2250C and 250%C failures, - IR(R) and +1IB(R)

usually increased after baking which inqicated that h F of Q•i and Q2 further

decreased upon baking. The decrease in hFE of Qi was greater than thal. of

Q2; consequently, I,,(,) wasý within specificatlo), after bdkiog. These

findings indicated that the Ii0 failures were caused by two degradation

mechanisms, a surface related (reversibe) mechanism predominant at 2000C and

a bulk related (nonre-versible) mechanism which predominated at the higher

temperatures. ihe surface related mechanism probanly was similar to that

re3ponsible for the Vrn type failure• described in Section 3.1. The cause

of the bulk mechanism was not established. EPer',.-c2,; -valuations of- the p-n

junctions of degraded transi.tors disclosed no abnormal characteristics and

optical examination,,m of the transistors dsclised rio visible anomaly ,t'ich

CoUId (0CCoUAUIIL. fi he 50 C1ik , Ue5 atich.

8.3 1 FAIURE DUE TC AMPLIFIER SATURATION (MANUFACTURER B ONLY)

During step-stress two parts failed due to excessive +IB[13]. In each

case +11 13[D] was positive (+32 nA and +107 nA); norially +1I, is negative.
+IB IB] is thJ noninv•rtiri input bias current at a common mode voltage of

-. 4.5'V and supply voltages of 415Y. Examination of the input bias currents of

these p,ýrts (in the curve tracer disclosed that as the common mode voltsyie

apprache•d the sv•:cified valies of -14.5V and 413V, +1 IB decreaseu shar,)ly

to.:arg(, positive values due to saturation of the amplifier. This effect is

illustrated in Figure 13 of the main report. Repeated retests of the two

faileo ports and oth'er sample parts on the test set disclosed that (ill parts

would inmermittently pass and fail +1I1. This inidicated that the device

could not operate consi stently at the specified coriror mode voltages; i.e., the

specified common mode voltages were too close to the supply voltages. Conse-

quently, Th0 com•aoe mode voltages were reducc to --13.bV and -i12V. Subsequent

to this change no further +11I failures of this type were encountered during

step-stress m}id accelerated life.
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TAL 84 RSLT FBK REPRESENTATIVEI1 10(R) FAILURES

DIRECTION 3!
CEL L TIME VALuE PRIOR VALUE AFTER CHANGE IN
TE MP S/N OF CAILURf PARAMLTIR TO bAxr (nA) WAE (n.A) hFRE 01 f 0 or Q?

25O0% 114 1.000 MRS *I 184) -220 -300 LACREASE

-1 B(R) -246 -285 DECREASE

I 10(R) 26 -15

102 1,000 MRS +tIR1(R) -240 -242 NONE

118(R) -267.35 INCREASE

84 500 MRS ýj189(p) -149 -176 DELCREASE

-1 J() -183 -193 DECREASE

3
10O(R) 34 1?

92* 4 HAS i8(R -161 -228 DECREASE

-1IB(R( -147 -218 DEEREAnE

IUER) 26 n

225% 241 1,000 MRS +1l() -136 -200 DECREASE

-1Ie(R) -176 -200 DECREASE

110(R) 40

223 1,000 MRS +
1
16(R) -128 -205 DECREASE

-
1 I(R) -180 -205 DECREASE

I
1
)0(R) 52 (

192 64 MRS .1I() -128 -2(X DECREASE

".115(p) -168 -210 DECREASE

I 10(p) 40 10

2O60%' 142 I,O90 HALS *
1
lICA) -180 -174 INCREASE

1
18S(R:I -220 -186 INCREASE

IW ) 32 12

144* 1.0001 MW +
1IBR) -192 -190

-IC ) .227 -IV2 INCREASE

I
7
10(R) 30 2

143 SDI) f@S 41IB -222 -2/4NM

.j -25? -Znt INCREASE

BAYtj)wiri T4L ;O UIUEDAh!NDLI GLASSIYATIE1N SIRIPPED
NOTES,
1. ALL PkR IS W P RA.. In i41 U -L TIO"PRATEINE FOP eOeO.S
2, P4AII?['R IALLO S k(NE 104,» l\' A 5?? CURVE TRAC(EA.
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8.4 10 FAILURE DUE TO DEGRADED Q15 (MANUFACTWER 8', ONLY)

During accelerated life, three •,anufacturer B O),ts failed dýe to excessive

10 [16] which is the output leaage current with 32V %,plied to tVC co!lector

of Q15. The failed values ranged from 0.589 t(, 60.1 micro;ampere!. Examina-

tion of the parts on the curve tracer disclosed a channeled 'harec;ýritic

between pin 7 (output) and pinr 4 (-V) in one de'-ice. a quas1-expon2ntial

characteristic in one device, and no leaI-Lge in one ;4-vice (I0 had recovered)

as shown in Figure F8-2. The leakage wes traced tc t!,e collector-to-substrate

diode (isolation junction) of the NPN output trar,sistor Q•'. The ln(,age

dropped to zero when the parts were baked indicati.g that thf degradation was

caused by a surface related mechanism, probably ihversion of the n-type

coll2ctor tub of Q15. During life test the collectu,-.ubstra-e Ji,:ction uf

Q15 ifas reverse biased (the output was high' ; ccnsP.quen.tly, t iTZ;'s..'111

probaibly was the result of charge separatioi in the lvin(jhynj fi1.,' cf .-he

reverse biased junction.

F
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APPENDIX G

JAN QUALIFIED DEVICE FAILURES

Upon receipt at MDAC-St. Louis, all devices were subjected to external

visual examinations, hermeticity test, and electrical test. During these

tests, five of Manufacturer D's MIL-M-38510/10201 JAN qualified devices were

found to be defective. Two devices were reject.ed during the visual inspection

test. Shown in Figure GI is a device which has been physically damag~ed and in

Figure G2 a device is shown with a cavity in the package base. During the

fine leak hermeticity tests one device failed with ýi leap rate of 2,0 x 10-6

atm cc/sec. Initial data taken at 25%C, 1125% and -55%C is showr in Figure

G3 for the two devices (S/N 301 and S/N 302) which dia not meet the electrical

specifications. No further date was taken on any of the five failed devices.

'.
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MANUFACTURER COEI

MANUFACTURER CODE

Precision Monolithics Inc. A -

National Sewiconductor Corp. B

Advanced Micro Devices C

Fairchild Semiconductor Corp. D

SU.S GOVER:I(ENT FRINTING, OFTICE: 1979-CJ4-023/27
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Rome Air Development Center
RAVC ptaiz and exzcwtv' 4e6vch, devetopment, tuat and
&6e~ec-ted acqw~tsiton p~ogitama in 4uppWvt o6 Command, Cont~ot
ConmILnwjca-ton6 and lntettigjewne (C31) cwzw-zUtca. Technicat

sand engineemKng auppott wZ-hin wta,"eu o4~ te.ehnteczt compe.tentee
E:Ow~n n AO I OIt : mI." ) .a-I O-f4L- r 'n

Seternent6. The pttncipat technicit mia,,6iLan aleaa wt~e
¶ comunictliL~o~ta, ctu Atomaonatt guiQwdanceA and cont~tLO, A1tA-

vettance o6 gtwand and avtozpac-,e objeot;6, ntete2igmnce data.
CPZLQAOn and flandtin A

and ~ ,q 4fl6O4JflCCLnf ou-ttsr etihnotogyv~,

Zonohppie,tLc yvrpaoytgixon, 46ottd %.ste. Aestcena, ni-C&LoMaIe
phyztcA and ttectAonic %teliabZity, rantatnnabZttty and
cornpatbi2Ztq.


